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ABSTRACT 
 
Evan Johnson: Attitudes, Social Context, and Environmental Behavior: Essays Explaining 
Voluntary Household Energy Conservation 
(Under the direction of Richard N.L. Andrews) 
 
Voluntary behavioral initiatives to promote energy efficiency, green energy, and usage 
curtailment behavior among households are important components of national and international 
efforts to meet greenhouse gas emissions targets and to conserve valuable energy resources.  The 
current policy literature, however, is in need of further empirical explanations for why such 
strategies are effective in some cases but not in others.  
 This dissertation examines the determinants of energy-saving decisions and activities at 
the household level. Its three empirical essays focus on the attitudinal and social structural 
characteristics of residential energy users and their influences on multiple types of energy-related 
behavior.  
 The first essay focuses on the ways in which households assign value to different 
attributes of their electric utility service. Results show that renters, middle-income, and highly 
educated respondents demand higher levels of environmental protection and renewable energy 
options from their electric utility relative to competing service attributes such as affordability and 
comfort. The study also finds that issue-specific environmental attitudes (such as concern about 
climate change) and those that invoke a sense of duty toward future generations are more 
predictive of green service preferences than behavior-specific beliefs.  
 The second essay addresses the well-documented gap between stated attitudes and pro-
environmental behavior. Empirical results suggest that general attitudes about energy issues are 
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an indirect rather than a direct cause of energy behavior and that this result depends on the type 
of behavior under study: The relationship between these general attitudes and behavior is 
mediated, in some cases, by more specific cognitions such as norms, which reflect the 
individual’s sense of what individuals and societies ought to do about energy use and related 
environmental problems.  
 The third essay examines the ways in which different household characteristics influence 
the decision to enroll in different types of utility-sponsored demand-side management programs. 
It finds that heavy users of electricity are more likely to participate in time-of-use (TOU) pricing 
but not in direct load control or energy efficiency audit programs. It also finds that participation 
increases with home ownership, tenure, and age of housing structure for the load control and 
TOU programs but not for energy efficiency audits.  
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CHAPTER 1. INTRODUCTION 
Overview 
U.S. energy consumption accounts for 21% of the atmospheric concentrations of heat-
trapping gases that cause global climate change. Over 20% of those emissions are directly 
attributable to the residential sector (Energy Information Administration (EIA) 2015). When 
accounting for emissions resulting from all household energy decisions rather than just those that 
result from residential technologies, that figure is conservatively estimated at closer to 30% 
(Vandenbergh et al., 2010). The expansion of energy efficiency and renewable energy markets 
has helped spur trends in decarbonization of the global energy economy. Despite these 
improvements, however, there remain large opportunities for additional reductions in energy-
related emissions by changing energy consumption behavior at the household level. One reason 
policy has yet to fully capitalize on these opportunities is that efforts to approach consumers are 
often misdirected or inadequately framed to suit the preferences, attitudes, and even the social 
and demographic characteristics of target populations. These characteristics vary substantially 
across residential energy consumers. Households exhibit differing behavioral patterns, social 
structural constraints, norms, attitudes, and beliefs. It is critically important for policy research to 
address these differences by analyzing the ways in which household characteristics determine 
energy-saving behavior and participation in programs designed to encourage it.  
 A widely cited report of the Proceedings of the National Academy of Sciences 
systematically analyzed 33 specific energy-related actions across 17 behavioral types to find that 
a 20% reduction in household carbon emissions is reasonably achievable within 10 years through 
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implementation of non-regulatory behavioral interventions (Dietz, Gardner, Gilligan, Stern, & 
Vandenbergh, 2009). Although the potential effectiveness of behavioral energy policies is well 
documented, scholars have struggled to explain the sources of variation in energy behavior 
across a diverse population of consumers. We still lack conclusive evidence for why some 
consumers are more receptive to behavioral interventions than others. What are the conditions 
under which voluntary energy-saving policy measures are effective? And what are the 
characteristics of those who adopt (and sustain) pro-environmental energy behavior? Underlying 
this persistent knowledge gap is the general need to determine how much of the necessary 
behavior change will be internally driven (i.e., by attitudes, beliefs, personal norms, and values) 
and how much will be due to external forces (price and non-price signals, legal and regulatory 
frameworks, information access, resource availability, and social networks.)  
 This dissertation approaches these challenges with three essays on the attitudinal and 
contextual antecedents of energy-related behavior and electric utility service priorities at the 
household level. These three empirical essays employ a uniquely rich data set provided by a 
major electric utility in the southeastern United States. These data combine an extensive suite of 
attitudinal and demographic survey items with multiple objective measures of energy behavior 
for a large sample of residential electricity customers. The empirical chapters that follow aim to 
inform a deeper scientific understanding of consumer behavior and how energy efficiency and 
renewable energy policies can better accommodate the diversity of residential energy users.  
The first essay examines the influence of both attitudinal measures and social contextual 
conditions on households’ electric service priorities through use of a survey instrument that 
engages utility customers in an innovative “priority budgeting” exercise that asks respondents to 
assign value to various attributes of electricity service using a limited number of points. The 
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second uncovers the common constructs, or factors, underlying multiple sets of beliefs, attitudes, 
norms, and behaviors relevant to energy consumption and investment. It examines their direct 
and indirect effects on both stated and actual behaviors such as compact fluorescent light bulb 
(CFL) purchases and electricity use. The third explains the determinants of participation in 
utility-sponsored voluntary energy-saving programs by examining the relationship between 
household electricity consumption levels and their decisions to enroll in demand-side 
management (DSM) programs.  
This introductory chapter discusses the theoretical considerations that shape the 
dissertation and explains why its findings are relevant to public policy. It then describes the data 
sets chosen for analysis and the types of variables used. Finally, it briefly summarizes the 
empirical essays and previews key findings.   
Theoretical and Policy Relevance 
The primary motivation for this dissertation is the persistent uncertainty surrounding 
patterns of American household energy consumption and the barriers that obstruct policy efforts 
to change those patterns. It aims to determine empirically some of the key factors underlying 
residential energy behavior to help policymakers promote conservation and energy efficiency 
investment among residential consumers. One of the core assumptions of this work is that 
effective policy-relevant analysis of energy behavior requires researchers to observe the 
distinction between what Paul Stern has referred to as “internal and external barriers to 
behavioral change” (Gardner & Stern, 2002). External barriers refer to those contingencies that 
shape or constrain activity through structural features of policies and the surrounding social, 
economic, and demographic conditions. Internal barriers often receive less focus in policy 
literature because they represent consumer preferences, dispositions, attitudes, and beliefs that 
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are more difficult to measure and manipulate. Policy attempts to encourage pro-environmental 
behavior need to consider both types of behavioral influences as well as the ways in which they 
interact. As such, the research contained in this dissertation is rooted in theoretical models that 
point to relationships among internal and external behavioral antecedents and the processes by 
which they determine household energy activity.  
The three empirical essays that follow make use of prominent theories of environmental 
decision-making and attitude-behavior linkages. In so doing, they inform our understanding of 
the different types of internal behavioral antecedents that shape and constrain numerous types of 
energy-related behavior. This dissertation places particular emphasis on the values-beliefs-norms 
(VBN) theory of environmentally significant behavior to guide analyses of rich attitudinal and 
behavioral data. One of the roots of this theory is S.H. Schwartz’s theory of personal norm 
activation, which holds that pro-environmental behavior occurs in response to personal moral 
norms regarding the behavior in question and that these norms are most influential in those 
individuals who are concerned about surrounding environmental conditions (Heberlein, 1977; 
Schwartz, 1973). Applications of the VBN theory have shown that such personal norms have 
powerful effects on environmental behavior in the absence of certain contextual constraints 
(Stern, 2005). This model has seen numerous applications to different behavioral policy 
questions that seek to discover the role of personal norms and values in shaping a sense of 
obligation and responsibility to act in ways that benefit others and the natural environment 
(Stern, Dietz, Abel, Guagnano, & Kalof, 1999).  
The first two chapters employ conceptual approaches based on VBN and related theories 
to develop a causal model of the relationship among distinct cognitive, social structural, and 
behavioral constructs. Specifically, they analyze how energy behavior is influenced by general 
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environmental beliefs, pro-environmental norms, social structural variables such as income and 
education, and stated willingness or intention to engage in energy-saving activities. VBN-based 
studies have shown that higher order environmental beliefs and social structural constraints 
affect behavior both directly and indirectly through mediating cognitive elements such as 
personal and social norms (Hansla, Gamble, Juliusson, & Gärling, 2008). As such, this 
dissertation applies VBN-based theoretical models to examine both direct and indirect forces 
shaping households’ energy-saving behavior.  
Chapters 2 and 3 also test hypotheses that are based on Ajzen’s Theory of Planned 
Behavior (TPB). This theory proposes that behavior is the result of intentions, which are 
influenced by attitudes, norms, and perceived behavioral control (Ajzen, 1991). Empirical 
evaluations of this model have found that the TPB’s three core cognitive constructs mediate the 
causal relationship between more broadly defined beliefs, such as concern about the 
environment, and behavior (Bamberg, 2003; Chen & Knight, 2014). Essay 2 tests this theory by 
examining the ways in which energy concern interacts with norms and social structural 
constraints to shape behavior and behavioral intentions.  
Additional motivation for this dissertation is rooted in theories of the voluntary private 
provision of environmental public goods.1 Many pro-environmental behaviors, such as the 
purchase of green products or utility-sponsored carbon offsets, frequently entail considerable 
private costs in exchange for public benefits that are seemingly diffuse and insubstantial to the 
consumer. Economic models tend to predict that such goods will be provided below socially 
optimal levels in the absence of regulation and price-based policy instruments, and persistent 
energy-related environmental damages show that this is often the case. However, a growing 
                                                            
1 Goods that are non-excludable in that no individual can be excluded from consumption of the good, and non-rival in 
the sense that no one individual’s consumption of the good reduces the ability of another to consume the good.  
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literature has begun to merge the tools of economics with considerations drawn from 
environmental behavior and moral psychology to explain those cases in which pro-
environmental behavior seems to contradict economic predictions. This literature has produced 
several useful theoretical insights such as the “warm glow” hypothesis, which suggests that the 
apparently altruistic provision of public goods is really due to the fact that such behaviors make 
people feel good about themselves (Andreoni, 1990). Environmental public good provision has 
also been linked to differences in the structure of programs offered by utilities as well as 
consumer guilt related to knowledge of their own high consumption levels and corresponding 
environmental footprints (Jacobsen, Kotchen, & Vandenbergh, 2012; Kotchen & Moore, 2007). 
A key goal for policy, then, is to capitalize on these insights to encourage public good provision 
by designing voluntary initiatives that are attractive to consumers. I address this objective 
specifically in Chapter 4, which aims to build on existing evidence for why households 
contribute to environmental public goods provision through participation in utility-sponsored 
green energy programs. 
The policy relevance of this dissertation inheres primarily in its ability to inform efforts 
to induce behavioral change. It does this by grounding its analytical approach in the theories 
referenced above to explain the diversity in consumer attitudes, beliefs, and contextual barriers 
surrounding their energy decisions and activities.  
The following three chapters establish empirical connections between internal and 
external determinants of energy behaviors, including energy consumption, investment in energy 
efficiency, and participation in voluntary energy-saving programs. These studies make use of a 
uniquely rich data set that combines precise behavioral measurements with detailed survey data 
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to contribute new insight to a burgeoning line of scholarship that tests and builds on the theories 
discussed.  
Survey and Electric Utility Metering Data 
This dissertation capitalizes on a rare opportunity to combine a rich suite of attitudinal 
and demographic survey items with objective measures of electric utility metering and billing 
data. The primary data set used for empirical analysis consists of survey responses and 
behavioral measurements for a representative cross-section of residential electricity consumers in 
two U.S. states. All three chapters analyze electric utility billing and conservation program 
participation data that are linked to customer survey measures on over sixty items, including 
social structural, attitudinal, and behavioral questions. The utility billing data capture electricity 
usage, payment details, and demand-side management (DSM) program participation.  
In 2010, a major southeastern utility mailed a 10-page questionnaire to 16,500 residential 
customers across two states. The utility received 6,217 responses by the deadline after mailing 
one round of reminder cards to unresponsive customers for a final response rate of 38%. The 
survey contained 68 total questions, covering the areas of housing characteristics, home 
appliance use, heating, cooling, income, education, demographics, attitudes, and energy 
practices. Social structural variables include income, education, customer satisfaction, family 
size, household and appliance characteristics, and geographic data at the level of addresses and 
billing centers. Ordinal attitudinal variables reflect agreement on 1–10 Likert measurement 
scales with questions about energy attitudes, beliefs, and preferences for utility service features. 
Many of these questions suggest close alignment with the attitudes, norms, and beliefs often 
employed in studies comparing theories of environmental behavior such as the VBN and the 
TPB.  
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Attitudinal questions appear in two distinct forms in the survey. The first type of question 
reflects agreement with statements such as “Everyone should make a real effort to conserve 
energy” and “Climate change is real and it is important that we take actions to minimize it.” The 
first question offers an example of a possible latent social norm of shared responsibility for 
collective energy outcomes. The second type of ordinal response variable measures likely 
differences in awareness of the consequences of energy-related behavior as well as general belief 
in the importance of environmental issues. Questions similar to these have seen application in 
studies seeking causal understanding of the social and psychological underpinnings of 
environmentally significant behavior (Abrahamse & Steg, 2011; T. Dietz, Stern, & Guagnano, 
1998; Stern et al., 1999).  
Behavioral variables consist of several self-reported measures of “green” behavior as 
well as actual energy consumption and efficiency behavior data recorded by the utility. Key 
examples include replacing incandescent light bulbs with compact fluorescent ones (CFLs), 
having “taken steps” to reduce home energy use, participation in home energy audits, thermostat 
adjustment, and annual electricity usage. Additional questions asked respondents about their 
intentions to perform energy-saving behaviors such as purchasing green power and allowing 
utilities to increase thermostat settings for load control purposes during periods of peak demand.  
 The first and third chapters augment the electric utility survey data with 2012 county-
level U.S. presidential election results provided by the U.S. Geological Survey. This allows 
models to capture county-level variation in political orientation and to examine its impact on 
preferences for pro-environmental electricity service attributes and on participation in energy-
saving DSM programs. Empirical results build on previous work that examines the effects of 
political ideology on the likelihood and extent of pro-environmental behavior. Details on the use 
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of these data as well as summary statistics for all variables used in analyses are available in the 
empirical chapters that follow and in the appendices.  
Summaries of Empirical Chapters 
Each of the three chapters aims to clarify relationships between consumer characteristics 
and energy behavior through robust analytic research designs. Chapter 2 employs both ordinary 
least squares and maximum likelihood estimation procedures to model the levels of importance 
that consumers place on competing energy service priorities such as affordability, reliability, and 
environmental protection. It examines the influence of both general and specific environmental 
attitudes as well as social and technological context on “green” energy priorities. Models test 
theoretical relationships between general environmental attitudes, specific degree of concern 
about environmental problems, and social structural variables such as income and education on 
the precise extent to which consumers “budget” importance among competing utility service 
attributes using a survey-based sticker allocation system.  
Chief among its findings is that consumer utility preferences are highly dependent on 
social and demographic context and, to a lesser extent, on environmental attitudes. The strength 
of attitudinal influences on stated preferences for pro-environmental services versus non-
environmental ones depends heavily on the types of attitudes expressed. Issue-specific 
environmental attitudes (such as concern about climate change) and those that invoke a sense of 
duty toward future generations are more predictive of green service priorities than behavior-
specific beliefs about the importance of recycling and conserving electricity. Further, renters, 
middle-income, and highly educated respondents display greater propensities to trade comfort, 
reliability, and savings for environmental protection and renewable energy options.  
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Chapter 3 applies a different research design to a similar body of questions. Where 
Chapter 2 examines the contextual and psychological determinants of stated electric service 
priorities, Chapter 3 looks holistically at the antecedents of a wide array of environmental 
behaviors, including self-reported activities such as recycling, as well as actual electricity 
consumption behavior. It groups attitudinal and behavioral responses into several factors, 
measuring the general constructs underlying the cognitive influences surrounding pro-
environmental energy behavior. It then looks to see whether those constructs predict consumers’ 
actual energy behavior as demonstrated through expressed support for conservation activity as 
well as through objective behavioral measures such as electricity consumption, light bulb 
replacement, and participation in utility-sponsored energy-saving programs.  
Results suggest that attitudes of concern about energy issues affect different behaviors in 
different ways. In some cases, additional cognitive forces such as personal norms that reflect a 
sense of responsibility for conservation outcomes mediate the relationships between these 
attitudes and behavior. This is true for energy consumption behavior but not for stated support 
for conservation activities. Older respondents also appear more likely to emphasize personal 
rather than social senses of responsibility for energy conservation and related environmental 
impacts, a finding with useful implications for policy and energy program marketing. This result 
suggests that efforts to promote conservation that invoke a sense of commitment on behalf of key 
communities and reference groups may be better suited to younger consumers.  
Chapter 4 considers DSM program enrollment specifically. It examines the drivers of 
participation in voluntary green energy programs by modeling the enrollment decision within a 
framework of household demand for energy services. One of the chief objectives of this study is 
to determine whether participation in such programs may be due to a “moral licensing” effect. 
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This theory suggests that heavy energy users opt in to conservation programs to relieve 
themselves of a sense of guilt resulting from the knowledge of their relatively high consumption 
levels and related environmental impacts.  
A distinguishing feature of this project is that it characterizes those who enroll in DSM 
programs and illustrates how those characteristics differ across three distinct programs: an 
appliance peak clipping program, a time-of-use pricing arrangement, and a free home energy 
audit program. Electricity use appears to be associated with participation in time-of-use (TOU) 
pricing arrangements but not in direct load control or utility-provided energy efficiency audits. 
Larger homes are more likely to participate in TOU pricing but not in the other program types. 
Households with positive impressions of their utilities appear to be no more likely to participate 
in utility-sponsored program offerings, and this result is consistent across all three program 
types. Participation increases with home ownership, duration of ownership, and age of housing 
structure for the load control and TOU programs but not for energy efficiency audits. Liberal 
political ideology seems to play a minimal role in the participation decision, with a small 
negative effect on participation in the energy efficiency audit program only.  
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CHAPTER 2. HOW DO SOCIAL AND ATTITUDINAL FACTORS INFLUENCE 
HOUSEHOLD TRADEOFFS AMONG COMPETING ATTRIBUTES OF 
ELECTRICITY SERVICE? 
Introduction 
 One explanation for the modest pace of policy efforts to curb household energy 
consumption is that such strategies are often misdirected or inadequately framed to suit the 
attitudinal and social structural make-up of their target populations. Energy consumers exhibit 
substantial variation in their preferences and attitudes toward pro-environmental and energy-
saving behavior. Much of this variation also results from the structural components of 
households’ social and physical environments (Abrahamse & Steg, 2011; Dietz, Stern, & 
Guagnano, 1998). This study aims to sharpen our understanding of the social contextual and 
attitudinal predictors of energy utility service priorities.  
Energy behavior and related policy research on this topic falls into two broad categories: 
external (market forces, income, technological constraints) and internal (norms, beliefs, attitudes) 
barriers to action (Gardner & Stern, 2002). External behavioral drivers tend to receive the most 
attention among policy scholars. But policy should also seek to identify, measure, and influence 
internal motivating forces to foster effective environmental decision making in an era of rapid 
social and environmental change. For instance, social capital—the resources that emanate from 
social networks, norms, and loyalty—have received significant scholarly attention as drivers of 
cooperation in collective action dilemmas (Ostrom, 1990; Stern, 1986). There is a strong 
potential role for policy to employ norms and other forms of social capital through consumption 
education, social nudges and “gamefication” of energy saving activities in organizational settings 
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(Allcott, 2011; Kuntz et al., 2012). Also important are the ways in which these internal and 
external drivers interact. The following analysis provides a step toward uncovering such 
interaction by characterizing the attitudinal and social structural2 influences on the tradeoffs 
consumers make among competing attributes of electric utility service.  
Motivation for this project stems from widespread uncertainty regarding what drives 
patterns in American energy use and how policymakers can best promote energy conservation 
among consumers. Energy consumption in the United States accounts for 21% of the 
atmospheric concentrations of heat-trapping gases that cause global climate change, and over 
20% of the energy consumed in the United States is devoted to residential energy use (U.S. 
Energy Information Administration (EIA), 20113). Further, 67% of U.S. residential electricity in 
2014 was generated from fossil fuels such as coal and natural gas, which are chiefly responsible 
for environmental problems like air pollution and global climate change (EIA, 2015). This 
study’s evaluation of the relationships between consumers’ social contextual characteristics, their 
environmental attitudes, and their electric service priorities illuminates opportunities for energy 
conservation and corresponding emissions reduction in the U.S. residential electricity sector.  
Models provide estimates of consumer demand for competing electric utility service 
features as a function of a number of descriptive covariates. Renters, middle-income, and highly 
educated respondents display greater propensities to trade comfort, reliability, and cost savings 
for environmental protection and renewable energy options. Issue-specific environmental 
attitudes (such as concern about climate change) and those that invoke a sense of duty toward 
                                                            
2 I use the term “social structural” here and throughout this paper to refer to those characteristics that shape an 
individual’s social, demographic, and structural context. These attributes include income level, age cohort, education, and 
use of information and technological resources.  
 
3 The EIA also reports that this percentage is projected to decrease to 15.8% by 2035 as the result of the 2008–2009 
global economic recession and recent energy policies. Still, this decrease in global share reflects a predicted annual 
increase of 0.2% per year from 2007–2035. The fall in the United States’s share of global CO2 emissions is also largely 
due to the surge in China’s contribution, which is projected to be nearly 31% by 2035 (EIA, 2011).  
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future generations are more predictive of green service preferences than behavior-specific beliefs 
about the importance of recycling and conserving electricity. These findings clarify the 
relationships between different attitudinal constructs and an understudied measure of household 
energy behavioral intention: the expression of electric service priorities. Policy implications 
emanate from clearer distinctions among residential electricity consumers and a better sense of 
how to reassure consumers about the costs of pro-environmental action based on an enhanced 
understanding of how they make hypothetical tradeoffs among competing benefits of electric 
utility service. I close the chapter with a deeper discussion of these implications. 
Relation to Existing Literature 
Variation in energy consumption is in part the result of different patterns of behavior, 
habits, routines, and awareness that shape the interactions between consumers and their buildings 
and appliances. Brandon and Lewis (1999), for example, found a significant negative effect of 
environmental awareness on household electricity consumption. Variation in household energy 
consumption also emerges from the diversity of psychological needs and dispositions associated 
with different generations and social groups (He, Greenberg, & Huang, 2010)4. Discrepancies in 
energy behavior also derive from the fact that energy use carries different meanings for different 
consumers based on cultural, socioeconomic, and attitudinal characteristics. Attitudes toward 
energy use and the environment also hinge on the information delivery systems to which a 
consumer is already “anchored” (Wilson & Dowlatabadi, 2007). For instance, pro-environmental 
behavior and beliefs have been found to emanate from an anchoring of consumer energy decision 
processes within large and interconnected networks of peers (Hoot & Friedman, 2011). Recent 
                                                            
4 This more recent trend in energy behavior research is rooted in studies conducted roughly two decades earlier after the 
energy crises of the 1970s sparked an interest in energy efficiency and policies designed to encourage conservation of 
limited energy resources. Such studies include evaluations of the behavioral impacts of energy efficiency programs (Dietz 
& Vine, 1982), analysis of the attitudinal and positional determinants of consumer perceptions of energy savings 
(Kempton, Harris, Keith, & Weihl, 1985), and examination of the demographic, attitudinal, and engineering 
determinants of household energy use (Cramer et al., 1985).  
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mixed-methods research on college students has shown that access to multiple media pathways 
and information sources engenders higher levels of energy conservation and pro-environmental 
attitudes (Senbel, Ngo, & Blair, 2014). This research suggests that both contextual and 
psychological factors are at play in shaping energy behavior and that these two sets of forces are 
also related to each other.  
Paul Stern characterizes the two primary sorts of influences on environmental behavior as 
internal (attitudinal factors such as values, beliefs, and norms or value-belief-norm (VBN)) and 
external (socioeconomic and regulatory constraints as well as technological and political context) 
(Stern, 2005). This study employs both sets of factors in explaining variation in the placement of 
priority stickers on pro-environmental electric service options relative to those geared solely 
toward private gain. VBN theory is among the most powerful tools for understanding the causal 
patterns underlying environmental behavior and its antecedents. One feature of this theory is its 
proposition that environmental attitudes result from the activation of norms and values within the 
constraints of contextual features such as socioeconomic status, resources, technologies, and 
social interactions (Stern, 2000). A full understanding of behavior, therefore, must incorporate 
more than just attitudes by examining the interplay between internal motivating forces and 
contextual constraints.  
Based on these theoretical considerations, I include social and contextual constraints such 
as education, income level, and access to Web-based social networking resources as key 
elements shaping the prioritization of pro-environmental attributes of electric utility service. This 
inclusion reflects my assumption that the high levels of information access, technological 
resources, and social accountability associated with heavy Web use tend to foster higher levels of 
willingness to prioritize pro-environmental values relative to competing priorities such as 
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economic security.5 Recent empirical work has found some support for this suggestion, with one 
study finding higher levels of climate change knowledge among those who use social networking 
web sites (Robelia, Greenhow, & Burton, 2011). Another study found that online networking 
pathways promoted social mobilization toward reducing energy use to stave off climate change 
(Senbel et al., 2014). This suggests a basis for examining the effects of online activity level on 
the willingness to prioritize environmental protection and renewable energy among competing 
alternative priorities.  
Ajzen’s (1991) Theory of Planned Behavior (TPB) is also relevant in its derivation of 
specific attitudes from more general values (e.g., altruism versus self-interest) and beliefs (e.g., 
awareness of consequences of environmental problems such as climate change). The key 
outcome of interest in this study, placement of priority stickers across a list of competing electric 
service priorities, may be considered an intention to adopt a behavior rather than behavior itself. 
The TPB suggests that behavioral intentions are positively related to perceived behavioral 
control (PBC). Survey-based approaches measure PBC as a function of Likert-scale agreement 
with specific statements reflecting the degree to which a respondent feels capable or empowered 
to change behavior (Chen & Knight, 2014). The present study, instead, follows Hansla et al. 
(2008) in defining PBC more broadly as a function of social structural constraints such as 
income, education, and access to online sources of information.  
 Finally, political context has been shown to play a significant role in the formation of 
environmental attitudes that affect behavior. Early research of the 1960s and 1970s indicated that 
support for the issues of the environmental movement transcended traditional political party 
                                                            
5 It is important to note that high levels of Web-based social network activity could signify the opposite of my stated 
assumption. In other words, higher Web use may reflect tendencies toward greater levels of energy consumption overall. 
I am currently extending the analysis to include models that account for this contingency by adding controls for 
electricity use and appliance ownership that attempt to tease out potential confounding effects of habitual tendencies 
toward high levels of consumption. I also note that the key outcomes of interest in this paper are attitudes and beliefs, 
not necessarily the specific behaviors that may or may not follow from those beliefs.  
19 
affiliations (McConnell, 1970). Later work challenged this conclusion, illustrating a strong 
correlation between political liberalism (i.e., preferences for welfare state authority over 
corporate activity) and environmental concern (Buttel & Flinn, 1978). However, the same study 
also found that this correlation did not necessarily translate to a clear alignment between political 
party identification and environmental attitudes. Other survey-based studies have found only 
weak relationships between political ideology and pro-environmental attitudes, with political 
liberals more likely to agree with pro-environmental statements such as those enumerated in 
Dunlap and Van Liere’s (1978) new environmental paradigm (NEP) scale (Scott and Willits, 
1994). Recent and more detailed research on this question has revealed even greater complexity 
in the relationships between political ideology and environmental concern. Different types of 
renewable energy technologies and related values associated with those technologies generate 
varying degrees of support from right- and left-leaning constituents. For instance, liberal political 
affiliations were found to be positively related to support for wind and solar energy, whereas 
hydro and natural gas with carbon storage were positively related to right-leaning ideology 
(Karlstrøm & Ryghaug, 2014). This raises the question of whether similar patterns of support can 
be found for electric utility service offerings that emphasize renewables and related 
environmental improvements.  
This chapter appeals to these insights in proposing a model to explain how American 
households differ in their expression of pro-environmental electric service priorities. 
Understanding these differences is of critical importance to policymakers, utility managers, and 
industry representatives seeking to design energy strategies that recognize the diversity of 
consumer attitudes among different social, demographic, and behavioral groups. For instance, 
policymakers and utility managers can develop a better sense of what information consumers 
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need as well as how to position that information once they have a clearer sense of their 
customers’ true preferences for different energy service features. This sharpened perspective on 
residential energy service priorities will also enable managers to target receptive demographics 
more accurately and to develop effective technological solutions in designing energy policy. It 
will inform new efforts to create technologies, educational campaigns, and adaptations to 
existing utility systems that lead to lower levels of primary residential energy consumption in the 
United States. Finally, it will illuminate any possible gaps between different types of 
environmental attitudes, both issue- and behavior-specific, and a consumer’s actual expression of 
intent to perform pro-environmental behavior such as purchasing electricity from renewable 
sources.  
Conceptual Model  
This study builds on some of the insights above by modeling households’ stated level of 
importance of pro-environmental attributes of their electricity service. Specifically, the 
conceptual model considers these priorities to be a function of both contextual and attitudinal 
influences. I consider relevant aspects of several theoretical approaches to explaining the 
linkages among environmental behavior and its contextual and attitudinal determinants. I also 
make use of existing empirical evidence in formulating hypotheses about customer tendencies 
toward pro-environmental electric service features. As scholars have pointed out in applications 
of VBN, there may be direct causal relationships between levels in addition to the indirect ones 
that occur through mediation among more proximal causal levels such as the links between 
general and specific attitudes (Stern, Dietz, Abel, Guagnano, & Kalof, 1999). It is beyond the 
scope of this analysis to test for mediating links between adjacent pairs of causal levels. Instead, 
I build from existing theory to test for the existence of direct relationships between social 
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contextual, attitudinal, and behavioral variables. Further, studies examining the mediating effects 
of behavior-specific attitudes on the relationships between social context, general environmental 
concern, and behavior have shown that full mediation is rarely the case (Dietz et al., 1998). 
Social structural variables such as income and age/cohort, for instance, are typically found to 
have direct effects on environmental behavior, as well as indirect effects through social-
psychological variables such as pro-environmental attitudes (Hansla et al., 2008).  
Based on the theoretical and empirical considerations described, I evaluate the following 
hypotheses regarding the social contextual underpinnings of pro-environmental electric service 
priorities: 
 
H1: Higher income consumers will place higher degrees of importance on utility 
provision of pro-environmental services.  
 
H2: Customers from areas with higher levels of support for pro-environmental political 
candidates will place higher degrees of importance on utility provision of pro-
environmental services.  
 
The theoretical foundation for explanations of the relationships between attitudes, beliefs 
and behavior is well documented (Ajzen, 2012; Stern, 2000). This study employs a basic 
conceptual model that draws on Dietz et al.’s (1998) modification of the Stern-Oskamp 
framework. This model suggests 1) that social context, which consists of societal position and 
degrees of socialization, affects general beliefs about human-environment relationships; 2) that 
those general beliefs affect specific attitudes and cognitions about environmental issues; and 3) 
that those specific attitudes affect behavioral intentions (Stern & Oskamp, 1987). It is also 
loosely aligned with the VBN theory in pointing to causal links from more specific and more 
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general environmental beliefs, such as those associated with the New Ecological Paradigm 
(Dunlap & Van Liere, 1978), to environmental behavior (Stern, Kalof, Dietz, & Guagnano, 
1995).  
 Previous work has also shown that pro-environmental attitudes and beliefs are good 
predictors of pro-environmental behaviors that are “low cost,” or do not compete with significant 
life priorities such as comfort and economic security (Guagnano, Stern, & Dietz, 1995; 
Abrahamse & Steg, 2011) . The survey instrument employed in this study affords measurement 
of environmental attitudes on a 1–10 scale. I use five attitudinal survey items as predictors of the 
expression of pro-environmental service priorities relative to competing priorities through a 
budgeted point allocation exercise. The consumer’s level of pro-environmental prioritization thus 
constitutes a tradeoff involving a simulation of the relative costs of pro-environmental action 
versus preserving non-environmental service attributes, such as reliability and comfort, which 
affect private consumption only. Given the “costs” associated with expression of pro-
environmental priorities in this context, it may be reasonable to expect that pro-environmental 
attitudes (measured in Likert-scale terms) will be poor predictors of actual allocation of points to 
pro-environmental electric service priorities. However, given the hypothetical nature of the point 
allocation exercise and the corresponding low stakes of stating relative priorities rather than 
actually buying into pro-environmental activities, I expect that environmental attitudes will 
positively predict sticker placement on “green” service priorities.  
 The last hypothesis considers attitudes toward specific environmental behaviors such as 
recycling and energy conservation. Previous studies have found that behavior-specific attitudes 
were better predictors of pro-environmental behavior than general environmental concern 
(Tanner & Wölfing Kast, 2003). For instance, Ozaki (2011) found that positive attitudes toward 
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green electricity explained the intention to participate in green electricity programs. I expect that 
these specific attitudinal measures will bear strong positive influence on a household’s desire for 
utility provision of opportunities to purchase green electricity and to better conserve energy in 
the home. The preceding discussion suggests the following attitudinal hypotheses:  
 
H3: Customers who express pro-environmental attitudes that reflect a sense of duty 
toward future generations will place higher degrees of importance on utility provision of 
pro-environmental services.  
 
H4: Customers who express behavior-specific pro-environmental attitudes will place 
higher degrees of importance on utility provision of pro-environmental services.  
 
Each hypothesis is depicted in Figure 2.1, which illustrates the direct and indirect relationships 
among variables implied by the theory. 
 
 
 
 
 
Figure 2.1. Hypothesized relationships among social, attitudinal, and behavioral variables. 
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Data 
 This study makes use of data collected as part of a residential energy customer 
segmentation study. In April 2010, a major southeastern energy utility mailed a 10-page 
questionnaire to 16,500 residential customers in two states. The utility mailed reminder post 
cards to non-respondents in May and ultimately received 6,217 responses by the June 2010 
deadline. The survey contained 68 questions, covering the areas of housing characteristics, home 
appliance use, heating, cooling, internet and social networking habits, income, education, 
demographics, attitudes, and energy practices. The survey also included eight detailed statements 
of various attributes of customers’ electric utility service, asking respondents to allocate 20 
stickers across rows of ten boxes for each statement.6 These value statements assess the 
customers’ perceptions of the relative importance of priorities such as energy security, 
environmental protection, energy costs, reliability, and personal comfort. The utility’s goal in 
conducting this survey was to segment their consumer base according to different attitudes and 
behavior surrounding energy and technology use. It is important to note that the survey 
instrument, like many household surveys, retrieves a mix of characteristics of the household and 
of the individual respondent. Income, for instance, is reported at the household level while 
education and age cohort refer to the individual completing the survey.  
I augment the electric utility survey data with county-level data from the U.S. Geological 
Survey on outcomes from the 2012 U.S. presidential election to capture county-level variation in 
political orientation and examine its impact on preferences for pro-environmental electricity 
service attributes. This allows the present study to examine possible effects of the political 
                                                            
6 Although it was expected that customers would see this box structure as a 10-sticker maximum, some particularly 
enthusiastic respondents placed >10 stickers under one priority, which poses a potential measurement problem. Because 
the number of observations for which this condition was true is only equal to one in the final data set, it is not likely a 
problem for this analysis.  
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makeup of households’ surrounding communities on the tradeoff between pro-environmental and 
pro-individual electric service priorities. In so doing, the present study builds on previous work 
that aims to determine the effect of political ideology on the likelihood and extent of pro-
environmental behavior (Costa & Kahn, 2013; Jacobsen, Kotchen, & Vandenbergh, 2012; 
Sánchez, López-Mosquera, & Lera-López, 2015). 
Not all respondents provided answers to every question contained in the segmentation 
survey. Missing responses to demographic and attitudinal questions are scattered across the 
sample, leaving a sample size of 4,119. Missing data are assumed to be missing at random 
(MAR) given that the utility confirmed a balanced sample across dimensions of region, income 
and dwelling size.  It also would have been preferable to have data from the 2008 election, which 
precedes the date of collection of the electric utility survey data (2010). However, the USGS files 
made publicly available at DATA.GOV were missing several counties for that year, leaving the 
resulting analysis vulnerable to bias and low statistical power. The 2012 election results serve as 
a proxy for political context prior to the survey, though future analysis should test the results 
against those using prior electoral data when they become available. After adding these electoral 
data and removing any observations for which some of the survey items were unanswered, the 
final sample includes 2,840 observations across which all models are applied.  
A full summary of demographic characteristics is provided in Table 2.1. Income and age 
are measured in ordinal brackets from 1–7 and education from 1–6.7 The bulk of the sample 
(~54%) reported incomes between the $20k–$50k and $50k–$75k ranges. Around 43% of 
respondents were between 25 and 54 years old with 18–24 year-olds making up only 1% of 
                                                            
7 The models examined in Tables 2.5–2.7 at the end of this chapter regress the service priority outcomes on indicator 
variables for each age bracket to account for confounding between age and cohort effects.  
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responses. Nearly 40% of the sample had at least a college education and 61% were male. The 
averages for number of children and size of household were .43 and 2.4.  
 
Table 2.1. Summary Statistics on Basic Demographic and Structural Characteristics 
Variable8 Range Obs Mean/pct. Std. Dev. 
Male (n=2,462 non-missing)  1502 0.61 0.49 
Age (n=2,560 non-missing) 18-23 26 0.01  
 25-34 256 0.10  
 35-44 486 0.19  
 45-54 463 0.18  
 55-64 541 0.22  
 65-74 427 0.17  
 75+ 306 0.12  
Education grade school 53 0.02  
 some high school 137 0.05  
  
high school 
547 0.19  
 some college 908 0.32  
 college 812 0.29  
 graduate school 383 0.13  
Income     
 < 20,000 483 0.17  
 20-49,000 972 0.34  
 49-75,000 569 0.20  
 75-100,000 381 0.13  
 100-150,000 299 0.11  
 150,000+ 136 0.05  
Number of rooms  2840 7.9 3.33 
Household members  2840 2.36  1.21 
Number of children  2840 0.43 0.82 
Own residence?  2840 0.85 0.36 
Age of AC (years)  2840 8.41 6.71 
 
                                                            
8 Summary statistics are reported for non-missing values only. Initial empirical models included variables for gender and 
age cohort. These variables were removed from final analysis because they revealed no statistically significant effects and 
are not central to this study’s primary hypotheses. Further, adding these variables does not alter the size and direction of 
results. Removing gender and age cohort increased sample size to 2,840 due tosome missing values for those variables 
that are not missing on any other items across the sample. The summary statistics reflect this difference in sample sizes 
before and after removing gender and age cohort.  
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Primary models focus on the application of three sets of independent measures based on 
my conceptual approach outlined in the previous section: 1) a set of social structural variables, 
including income, education, age/cohort, and level of access to internet and social networking 
resources; 2) the 2012 electoral outcomes discussed previously, focusing on percentage of votes 
cast for Obama or Romney and for neither Obama nor Romney within a county; and 3) a set of 
five attitudinal survey items: two invoking a sense of duty toward future generations, asking 
respondents to state their level of agreement with the statements: “climate change is real and we 
have a responsibility to do something about it” and “we should all conserve energy to protect the 
environment for future generations;” and three behavior-specific attitudinal items consisting of 
the degree of importance the respondent assigns to conservation of environmental resources, the 
reduction of household energy use, and recycling. I model the effects of these variables on the 
sum of two conceptually related outcomes consisting of 1–20 counts based on sticker placements 
ranking the level of priority the consumer places on attributes of electricity service provision: 
environmental protection and the use of renewable energy sources. The means for these two 
measures were 1.42 and 1.38, respectively, for the entire sample (See Table 2.2 below). These 
figures are low when compared to competing priorities such as cost of electric service, which 
averaged 3.9 out of 20 possible stickers allocated across 8 service priorities.  
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Table 2.2. Means and Standard Deviations for Electric Service Preferences and Attitudinal 
Predictor Variables (n = 2840) 
Variable  
Dependent Variables - Pro-environmental Service Attributes (20 total stickers with 
10 max. per service attribute) 
 
Protecting the environment from climate change and global warming, even if it means 
committing my time and money, mean (sd) 
1.42 (1.45) 
Having option of buying a significant share of my electricity from wind and solar 
sources, even if it costs more, mean (sd) 
1.38 (1.55) 
Dependent Variables - Service Attributes for Private Benefits to Households (20 
total stickers with 10 max. per service attribute) 
 
Adequate supply of affordable power, five years from now and beyond, mean, (sd) 3.12 (2.06) 
My electric company suggesting ways I can lower my bill, mean (sd) 1.80 (1.62) 
Maintaining my comfort and lifestyle in my home – even if it means using more 
electricity, mean (sd) 
1.74 (1.86) 
Cost of my electricity, mean (sd) 3.88 (2.47) 
Reliability of my electric service, mean (sd) 3.18 (2.20) 
Dependent Variables - Service Attributes for Energy Efficiency (Private and Public 
Benefits) (20 total stickers with 10 max. per service attribute) 
 
My electric company offering option of EE and Conservation programs, mean (sd) 2.14 (1.72) 
Attitudinal Independent Variables (1-10 Likert scale measures)  
“Climate change is real and it’s important we take actions to minimize it”, mean (sd) 7.08 (3.08) 
“I am willing to make changes in my lifestyle and habits to protect the environment for 
future generations”, mean (sd) 
7.24 (2.33) 
“My household is conscientious about recycling things like bottles, cans, and paper”, 
mean (sd) 
7.63 (2.76) 
“I believe reducing household energy consumption is important in protecting the 
environment”, mean (sd) 
8.06 (2.27) 
“Everyone should make a real effort to conserve energy, even if they don’t have to 
worry about cost”, mean (sd) 
8.60 (1.95) 
 
 
Key descriptive statistics for the attitudinal survey items are as follows: 1) “Climate 
change and global warming is real and it’s important that we take actions to minimize it” (7.08); 
2) “I am willing to make significant changes in my lifestyle and habits to protect the environment 
for future generations” (7.24); 3) “My household is conscientious about recycling things like 
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bottles, cans, and paper” (7.63); 4) “I believe reducing my household energy use is important in 
protecting the environment” (8.06); and 5) “Everyone should make a real effort to conserve 
energy, even if they don’t have to worry about the cost” (8.6), where 10 reflected total 
agreement. Including these variables allows models to estimate whether and how much Likert-
scale pro-environmental attitudes correspond to the allocation of a limited budget of points. Full 
summaries of these attitudinal variables are presented in Table 2.2.  
Methods 
 Respondents were given eight alternative service priorities across which to allocate their 
20 stickers. Five of these eight priorities reflect opportunities for private gain only (e.g., cheaper 
electricity, enhanced reliability and greater levels of comfort in the home); two reflect a desire to 
improve the environment, whether generally or through greater use of wind and solar energy; 
and one represented both types of goods, gauging the level of consumer interest in programs 
designed to increase energy efficiency and reduce energy use in the home. To test the hypotheses 
above, I employ several alternative models that predict variation in the levels of importance 
consumers place on different attributes of their electricity service.  
The key outcome measure in this study is the count of stickers placed on electric utility 
service priorities that provide an environmental public good. A seemingly unrelated regressions 
(SUR) specification models variation in all eight service attributes using the social structural and 
attitudinal covariates described in the Data section. The outcomes in the SUR model are the raw 
counts of stickers placed on each of the eight individual service attributes listed in the first eight 
rows in Table 2.2. A second set of models employs ordinary least squares (OLS) and negative 
binomial regression models, along with an ordered logit approach. These models serve as 
robustness checks, using the same pro-environmental service sticker outcome. They employ a 
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sum of the raw number of stickers allocated to the following two service attributes: 1) “Having 
the option to buy a significant share of my electricity from non-polluting sources, such as wind 
power and solar power- even if it costs more;” and 2) “Protecting the environment from climate 
change and global warming—even if it means committing my time and money.” The “energy 
efficiency programs” attribute was not included in the dependent measure since it appeals to 
interests in both public and private goods.  
The primary model specification considers a system of seemingly unrelated regressions. 
Preference for this model reflects the fact that there are likely unobserved variables that jointly 
explain variation in sticker placement for all eight of the proposed service attributes. In other 
words, autocorrelated errors are likely a problem in this analysis given the strong conceptual 
relationship between the dependent variables, which consist of numbers of stickers allocated to 
the service priorities: 1) “having the option of buying a significant share of my electricity from 
renewable sources;” and 2) “protecting the environment from climate change even if it means 
committing my time and money.” Seemingly unrelated regression (SUR) models have been 
shown to yield more efficient estimators in such cases as modeling demand for multiple goods 
and services within a single household (Moon & Perron, 2006). To account for this potential 
autocorrelation in the disturbance terms and to potentially gain efficiency in estimation by 
combining equations, I begin the present analysis with a seemingly unrelated regression (SUR) 
and then compare it to other specifications to see if the direction and size of effects differs 
significantly from ordinary least squares (OLS) and negative binomial (NB) regression.  
Standard practice in the literature on attitudinal outcome measures is to employ linear 
regression techniques such as OLS to uncover the marginal effects of a unit increase in the 
independent variable of interest. However, the physical allocation of stickers across competing 
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attitudinal questions constitutes a form of independent behavioral event that lends itself to 
maximum likelihood estimation (MLE). Examination of the distribution of residuals generated 
from the key models reveals that OLS’s normality assumption is not likely violated, but I include 
a negative binomial regression model for robustness. It is possible that the latter model may do a 
better job of predicting variation in sticker allocations because OLS often predicts negative and 
out-of-range values that are nonsensical, a common problem with using OLS with categorical or 
ordered outcomes.  
The nature of the outcome variable is such that it is unclear whether continuous, count, or 
ordered models are most appropriate. Given this relative uncertainty and the novelty of the 
sticker budgeting exercise contained in the survey, it is prudent to test several alternative model 
specifications and to explore any substantial differences in results. It is reasonable to expect the 
dependent variables, or the numbers of stickers allocated out of 20 possible, to behave like any 
other continuous measure. As mentioned previously, however, count models may be more 
appropriate given the tendency of linear models to generate out-of-range predictions. Further, 
outcomes with a small number of values or for which the distance between categories/rankings is 
not equivalent may be more amenable to an ordered model. For this reason, I include OLS, NB 
regression and ordered logit specifications as additional robustness checks against the results of 
the SUR models. NB regression is preferred over Poisson given that the data were found to 
violate Poisson’s assumption of equidispersion,.  In other words, the variances of key variables 
were found to be greater than their means.   
Results  
 I begin by examining the basic differences in preferences for green electricity service 
attributes across income and educational strata. Table 2.3 illustrates that the mean number of 
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stickers allocated to the two pro-environmental public goods is roughly constant across income 
levels. The ratio of pro-environmental to non-environmental service stickers is highest among 
upper-middle income earners making $75,000–$99,000 per year, lending some support for 
Hypothesis 1. The same group also exhibits the strongest preferences for more energy efficiency 
program offerings from their utility, with 2.35 stickers allocated to that service attribute. Table 
2.3b shows that both the mean number of pro-environmental stickers and the ratio of pro- to non-
environmental stickers increase with education. Those with some kind of post-graduate degree 
allocate, on average, 3.41 stickers to pro-environmental service attributes, which is almost one 
sticker more than the mean for the entire sample. The pro- to non-environmental sticker ratio for 
this group is 0.4, or twice that of the lowest educational stratum.  
 
Table 2.3. Sticker Allocation to Public and Private Benefits Across Income Levels 
Income level Obs. 
Mean number 
of env. public 
benefit stickers 
(20 max.) 
Mean number 
of private 
benefit stickers 
(20 max.) 
Mean 
public/private 
ratio 
Mean energy 
conservation 
stickers (10 
max.) 
Below $20,000 719 2.69 13.35 0.26 2.18 
$20,000-$49,999 1207 2.8 13.74 0.27 2.11 
$50,000 - $74,999 669 2.89 13.84 0.27 2.1 
$75,000-$99,999 428 2.88 13.55 0.32 2.35 
$100,000-$149,000 342 2.8 13.7 0.25 1.99 
$150,000 and over 159 2.99 13.29 0.26 1.71 
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Table 2.3b Sticker Allocation to Public and Private Benefits Across Education Levels 
Education level Obs. 
Mean number 
of env. Public 
good stickers 
(20 max.) 
Mean number 
of private 
good stickers 
(20 max.) 
Mean 
public/private 
ratio 
Mean energy 
conservation 
stickers (10 max.) 
Grade school 85 2.58 13.65 0.2 1.95 
Some high school 204 2.64 13.64 0.22 1.96 
High school graduate 709 2.49 13.85 0.2 2.19 
Some college or 
vocational 
1112 2.75 13.92 0.24 2.12 
College graduate 935 2.9 13.56 0.31 2.13 
Post-graduate degree 454 3.41 12.72 0.4 2.14 
  
 
A simple comparison of means test illustrates the differences in pro-environmental 
service priorities in red versus blue counties, where the former represents a Romney win in the 
2012 presidential election and the latter an Obama victory. Of the eight service priorities, only 
four show statistically significant9 differences between red and blue counties. Respondents from 
counties that went for Obama in 2012 (blue counties), on average, placed 0.11 and 0.17 more 
stickers on pro-renewable energy and pro-environmental protection electric service priorities 
than those that went for Romney. Respondents from red counties, on the other hand, allocated 
0.13 more stickers to both the “adequate power supply” and “suggest more ways to lower my 
bill” priorities. Blue counties also averaged 0.36 and 0.49 more Likert-scale points than red 
counties on the “climate change is real” and “recycling is important” attitude questions. The full 
results of these comparisons of means tests are provided in Table 2.4.  
                                                            
9 P<0.1 or lower level.  
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Table 2.4. Summary Statistics with T-Tests by Electoral Outcome 
 Total   Red County Blue County p-value 
Count 2840 1285 1555  
Cost of my electricity, mean (sd)10 3.88 (2.47) 3.91 (2.46) 3.85 (2.49) 0.54411 
My electric company offering option of EE and 
Conservation programs, mean (sd) 
2.14 (1.72) 2.13 (1.69) 2.15 (1.74) 0.803 
Adequate supply of affordable power, five years 
from now and beyond, mean, (sd) 
3.12 (2.06) 3.19 (2.09) 3.06 (2.02) 0.092 
Having option of buying a significant share of my 
electricity from wind and solar sources, even if it 
costs more, mean (sd) 
1.38 (1.55) 1.32 (1.41) 1.43 (1.66) 0.047 
My electric company suggesting ways I can lower 
my bill, mean (sd) 
1.80 (1.62) 1.87 (1.65) 1.74 (1.60) 0.027 
Maintaining my comfort and lifestyle in my home – 
even if it means using more electricity, mean (sd) 
1.74 (1.86) 1.74 (1.89) 1.74 (1.84) 0.979 
Protecting the environment from climate change 
and global warming, even if it means committing 
my time and money, mean (sd) 
1.42 (1.45) 1.33 (1.34) 1.50 (1.53) 0.002 
Reliability of my electric service, mean (sd) 3.18 (2.20) 3.18 (2.23) 3.18 (2.18) 0.952 
“Climate change is real and it’s important we take 
actions to minimize it”, mean (sd) 
7.08 (3.08) 6.88 (3.17) 7.24 (2.99) 0.002 
“I am willing to make changes in my lifestyle and 
habits to protect the environment for future 
generations”, mean (sd) 
7.24 (2.33) 7.18 (2.35) 7.29 (2.30) 0.198 
“My household is conscientious about recycling things 
like bottles, cans, and paper”, mean (sd) 
7.63 (2.76) 7.36 (2.91) 7.85 (2.61) 0 
“I believe reducing household energy consumption is 
important in protecting the environment”, mean (sd) 
8.06 (2.27) 8.00 (2.35) 8.11 (2.21) 0.233 
“Everyone should make a real effort to conserve 
energy, even if they don’t have to worry about cost”, 
mean (sd) 
8.60 (1.95) 8.61 (2.00) 8.59 (1.91) 0.796 
 
 
The seemingly unrelated regressions model tests the four key hypotheses stated above, 
taking into account variation in all eight electric service priorities including those like cost 
savings, comfort, and reliability that speak to a sense of private gain only rather than to the 
                                                            
10 Variables in bold represent dependent variables, or counts of stickers allocated to eight different electric utility service 
priorities.  
 
11 P-values are for tests of means between households in red and blue counties where red represents a Romney victory in 
the 2012 presidential election and blue represents an Obama win.  
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preservation of environmental public goods. I interpret the effects of the covariates on each of 
the pro-environmental service priorities (renewable energy and environmental protection) 
separately. The full results of the SUR model are presented in Tables 2.5a–2.5c in the appendix.  
Income and home ownership have the strongest effects among the social contextual 
regressors. Households in the $100,000–$149,999 income bracket allocate 0.22 additional points 
to the renewable energy service attribute relative to low income respondents. The effects of 
being in the $50,000–$74,999 and $75,000–$99,999 brackets are roughly equal at around 0.2–
0.25 additional stickers on average relative to the lowest income bracket, and these results hold 
for both the environmental protection and renewable energy priorities. Additionally, those with 
some post-graduate education allocate an additional 0.38 points to the renewable energy priority 
than their uneducated counterparts.  
Home ownership and age of air conditioning equipment appear to influence sticker 
placement. A household places 0.007 and 0.011 more stickers on environmental protection and 
renewable energy for every additional year it has owned its air conditioning unit. This result, 
though small enough to be trivial, may point to a conservation effect by which households that 
hang on to appliances longer are more likely to promote conservation and pro-environmental 
activities in general. However, because older AC units are likely to be less energy-efficient than 
newer replacements, this may also represent a missed opportunity to promote appliance upgrades 
by appealing to these preferences for pro-environmental service attributes. Homeowners are far 
less inclined to trade off conventional service priorities for pro-environmental ones, allocating 
0.3 and 0.2 fewer points to environmental protection and renewable energy, respectively. Models 
reveal no significant effects of either liberal or conservative political ideology at the county 
level. Neither percentage of votes for Romney nor for Obama produced significant effects on 
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sticker placement, but a one percentage point increase in percentage cast for neither produced a 
0.23 sticker increase for both the environmental protection and renewable energy service 
attributes.  
Several of the attitudinal items produce interesting results. The coefficient on the 
statement, “Climate change is real and it’s important that we take actions to minimize it” is twice 
as large for the environmental protection priority (0.15) as it is for the renewable energy priority 
(0.08). In other words, climate change believers place higher demands on their utilities for 
environmental protection than they do for renewable energy. All of the attitudinal coefficients 
and marginal effects are significant and all have positive signs except for agreement with the 
“everyone should conserve” statement. In fact, a one-point increase in agreement with the 
“everyone should conserve” perspective is associated with 0.03 and 0.04 fewer stickers placed 
under the environmental protection and renewable energy service attributes, respectively. This 
result suggests that preferences for energy conservation do not entail preferences for renewable 
energy and environmental protection. Interestingly, agreement with a very similar statement, “I 
believe reducing my household energy consumption is important in protecting the environment,” 
produced the opposite effect with one full Likert-scale point corresponding to average pro-
environmental sticker increases of 0.03 and 0.04 for environmental protection and renewable 
energy, respectively. Although both statements appeal to beliefs in the importance of 
conservation, the mention of environmental protection appears to generate a very different 
response from the alternative wording in which environmental benefits are not mentioned. In 
other words, conservationists are a diverse group and encouraging them to support pro-
environmental utility behavior will require more than promising environmental protection.  
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In general the effects of the attitudinal covariates on pro-environmental point allocation 
are modest. The exception seems to be the statement “Climate change is real and it’s important 
that we take actions to minimize it.” A one-point increase in agreement with this statement 
corresponds to a 0.15 and 0.08 sticker increases in stated preferences for the two pro-
environmental service priorities. A one-point increase in agreement with the statement “I am 
willing to make significant changes in my lifestyle and habits to protect the environment for 
future generation” corresponded to 0.05 pro-environmental sticker increases for both priorities. 
These two statements invoked a sense of commitment to future generations, which may partially 
explain why they had the strongest positive impacts of any of the attitudinal items12’13.  
Discussion 
 This study reveals positive impacts of income and education on preferences for green 
electric service attributes. Although not all income and education coefficients are significant in 
every model specification, middle-income earners are consistently more apt to place high levels 
of importance on renewable energy and environmental protection in their electric utility service 
preferences. Further, the SUR model shows that the most highly educated consumers place more 
stickers on the renewable energy service attribute than their less well-educated counterparts.  
Political context is also relevant. Basic comparisons show that blue counties tend to 
generate more support for green service priorities, which aligns with previous findings of a 
                                                            
12 Three alternative models were examined to determine whether the effects of the social structural and attitudinal 
variables were robust across different econometric specifications. OLS, NB regression and ordered logit specifications 
examine variation in the combined measure of both pro-environmental service preferences. These robustness checks 
reflect the previously mentioned ambiguity in the outcome variable, and correspondingly, how best to model variation in 
that outcome. I forgo detailed discussion of these results because none of them differ from the SUR model. Complete 
results for the negative binomial regression models can be found alongside the OLS results in Table 2.6 and the ordered 
logit results appear in Table 2.7. Both tables are presented in the attached appendix.  
 
13 Given the large number of zero counts for pro-environmental stickers, a two-part model was also examined that 
separately assessed the likelihood of placing any stickers on green priorities and the predicted number of stickers placed. 
Like the other specifications, results did not differ from the least squares or negative binomial models and are therefore 
not reported here.  
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positive effect of political liberalism on the likelihood and extent of pro-environmental behavior 
(Jacobsen et al., 2012; Sánchez et al., 2015), although this effect washes out when using more 
sophisticated econometric techniques and additional control variables. The percentage of votes 
cast for independent and green parties is one of the strongest drivers of preferences for green 
service attributes, a result that corroborates previous studies (Jacobsen et al., 2012).  
Results also provide evidence of modest positive effects of pro-environmental attitudes 
on consumers’ preferences for pro-environmental attributes of their electricity service relative to 
non-environmental ones, confirming Hypotheses 3. This result may seem obvious; we would 
expect agreement with Likert-scale attitudinal items to correspond with stated preferences for 
greener electricity service. It is important to note, however, that respondents were limited to only 
20 total stickers, thus restricting their ranking behavior beyond simple statements of preference 
suggested by Likert-scale questions. In fact, it is a constrained exercise in which the consumer is 
forced to make tradeoffs among different service priorities, including those related to private 
financial gain. Further, because this was a customer service survey, it is reasonable to expect that 
consumers, to some extent, believed that their feedback on this exercise would be taken into 
consideration by the utility in developing its products and service strategies.  
Each of the attitudinal variables produced statistically significant effects in all model 
specifications. However, most of these effects are small. Items that suggest a strong sense of duty 
toward the environment and future generations were more predictive of green service priorities 
than the behavior-specific environmental attitudes, a result that conflicts with previous findings 
(Ozaki, 2011). In general, this analysis found a lack of strong connection between the behavior-
specific pro-environmental attitudes and allocation of limited priority points to environmental 
priorities, providing little support for Hypothesis 4. Such a weak relationship between behavioral 
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attitudes and actual sticker placement provides evidence for the so-called attitude-behavior gap. 
Kollmuss and Agyeman (2002) discuss the theoretical underpinnings of this gap, pointing out 
that pro-environmental behavior is too complex to be explained with a single model. Several 
other scholars have noted that pro-environmental behaviors are heavily dependent on social and 
physical context (see, for example, Guagnano et al., 1995) and consist of several relevant types 
such as curtailment, maintenance, and the purchase of new energy-efficient equipment (Stern, 
1999).  
Although many studies have examined the chasm between environmental sentiment and 
corresponding behavior, there is no one explanation for why the gap persists in all cases. Here, it 
is reasonable to expect that social desirability bias is driving high levels of pro-environmental 
attitudes on standard Likert scales. When asked about agreement with environmental statements 
that are viewed as positive, respondents are quick to assign high levels of points. But when those 
statements are pitted against other core life priorities such as cost and reliability of power supply, 
consumers appear to be loath to practice what they preach.  
Another possible interpretation is that the weak effects of the attitudinal variables are due 
to limitations of the data set and measurement error associated with using sticker counts across 
competing priorities as a true indicator of pro-environmental utility service preferences. As 
mentioned, the survey pitted preferences for environmental protection and renewable energy 
against alternative options reflecting competing priorities of cost savings, comfort, and 
reliability. The fact that consumers may value these priorities more than pro-environmental ones 
does not necessarily indicate disinclination toward “green” actions, especially because pro-
environmental priorities reflect preferences for collective goods rather than private ones.  
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These results and my suggested follow-up procedures can be used to improve behavioral 
policies and incentives for energy efficiency and conservation activities. For instance, despite 
their modest effect sizes, income and education appear to play positive roles in encouraging 
prioritization of “green” attributes of electric service. This gives policymakers, administrators, 
and utility managers valuable insight into the mindsets of different types of consumers and 
suggests a basis for targeting lower-income households for energy efficiency and green 
electricity initiatives. Further the relative weakness of behavior-specific environmental attitudes 
as predictors of the priority trade-off suggests that incentives and structural changes to programs 
and policies may be more effective than attempts to re-shape attitudes. It may also indicate a role 
for the framing of energy behavior initiatives in ways that relate more to cost, comfort, and 
reliability than to the environmental benefits of conservation. Structural impediments related to 
cost and the availability of resources may be key determinants of the behavioral plasticity of 
different environmentally relevant actions. Persistent attitude-behavior gaps may be the result of 
consumer doubts about their ability to successfully participate in pro-environmental behavior 
(Attari, DeKay, Davidson, & de Bruin, 2010). In these cases, general pro-environmental 
sentiment may not push households over behavioral hurdles without additional policy initiatives 
designed to remove the costs and barriers, both perceived and real, to socially and 
environmentally desirable actions.  
Limitations and Viable Extensions 
The overall response rate for the mail-in survey was around 40%, which is in line with 
commonly reported rates for such surveys in the literature and much higher than those afforded 
by internet surveys (usually ~15%) that have recently gained in popularity in energy behavior 
and policy scholarship on environmental attitudes and behavior (Attari, 2014; Attari et al., 2010; 
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Gadenne et al., 2011). Additionally, the survey used in this study was promoted as a “customer 
satisfaction” study and consumers were given no prior information or cues regarding the 
environmental content of some of its questions. This sets it apart from the bulk of studies on 
environmental attitudes, which are vulnerable to selection bias resulting from the fact that 
environmentally motivated survey recipients are disproportionately more likely than others to 
respond. Still, there could be reason to fear selection bias in these data if those who were more 
willing to fill out the survey are also more inclined toward positive attitudes about environmental 
priorities. It is reasonable to expect, for instance, that conservative consumers who are concerned 
most with cost might be less likely to spend time filling out a survey and the relative absence of 
these individuals in the study could be biasing results. 
I employed chi-square tests to examine whether there existed any systematic differences 
between respondents and non-respondents that may lead to an artificial abundance of pro- or 
anti-environmental sentiment in the data. These tests compared respondents and non-respondents 
to attitudinal survey items on key demographic measures such as age, education, and gender. For 
the most part, these tests revealed no significant relationship between the likelihood of missing 
responses to attitudinal items and key demographic features. That said, readers should be 
cautious in generalizing these results to broader and more current populations. Survey responses 
may well accurately represent the two southern states from which the samples were drawn, as 
well as the time period in which the survey took place. There may inevitably be some 
differences, however, between those respondents and a representative sample of the entire United 
States. Moreover, the data in the present study reflect the economic, political, and social 
conditions of the time, which have undoubtedly evolved since 2010.  
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Policy Implications 
 The results of this study provide a valuable extension to existing efforts to understand the 
relationships between social context, technology use, environmental attitudes, and consumer 
preferences for various attributes of electricity service. Income and, to a lesser extent, education 
are found to have positive and significant effects on the prioritization of renewable energy. 
Further, statements of environmental concern that involve future generations are better predictors 
of green service priorities than specific attitudes toward energy conservation. These results bear 
direct relevance to policymakers, utility managers, and industry representatives seeking to design 
energy strategies that capitalize on differences in human behavior related to attitudes and use of 
technology. Disciplinary barriers have prevented energy researchers from making much progress 
in articulating the dynamic relationships between consumers’ cognitions regarding energy use 
and their surrounding social and technological contexts. This analysis constitutes a small step 
toward unveiling some of the potential motivating factors as well as behavioral barriers 
underlying consumer assessment of energy-related and environmental service attributes.  
Policy-relevant findings include the apparent relationship between certain types of pro-
environmental attitudes and pro-environmental electric service priorities, suggesting a basis for 
more careful marketing of green electricity programs among consumers with lower levels of 
environmental concern. Conversely, consumers who fail to demonstrate behavior-specific green 
attitudes may not be pre-disposed against pro-environmental service attributes such as the 
provision of green electricity, especially if they are framed in ways that reflect private benefits 
such as personal comfort, reliability of service, and cost-savings. Subsequent research should 
more carefully determine whether general environmental concern positively influences green 
service priorities, either directly or indirectly through behavior-specific attitudes. This will 
43 
indicate whether administrators should focus green electricity marketing efforts more on 
households that demonstrate a lower level of awareness and concern regarding environmental 
problems.  
At minimum, these results provide a richer basis on which to differentiate among 
consumers based on how they rank environmental electric service priorities relative to competing 
service attributes. Identifying these differences will help direct the allocation of resources for 
green energy programs in the most effective ways possible. For instance, the positive effects of 
education and income on pro-environmental service priorities in some models suggest that 
voluntary behavioral policies to promote energy conservation will be most effective when 
targeted at groups who have the resources to pay attention and respond to those initiatives. 
Conversely, these results indicate that those households with lower income and education may be 
harder and more costly to reach, perhaps due to the need for those consumers to focus more on 
more basic priorities such as cost and reliability of service. This work and subsequent extensions 
will enable more accurate projections of future energy demand and related environmental 
consequences based on a more detailed behavioral stratification of energy consumers.  
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CHAPTER 3. THE ROLE OF ENERGY CONCERN IN SHAPING CONSERVATION 
INTENTIONS AND BEHAVIORS AMONG U.S. HOUSEHOLDS 
Introduction 
Concern about the environmentally damaging effects of current energy use patterns 
appears often in mass media and public discourse. Scholars of environmental psychology 
frequently point to resounding consensus around the importance of sustainability and the dire 
consequences of a continuation of status quo trends in energy production and consumption 
(Maibach, Roser-Renouf, & Leiserowitz, 2008; Leiserowitz, Maibach, Roser-Renouf, & Smith, 
2010). One of the most persistent challenges facing social and behavioral scientists, then, is to 
match these high levels of concern with technological and behavioral policies that can alter the 
composition of consumption and production activities in ways that offset countervailing trends in 
population expansion and economic growth (Rosa & Dietz, 2012). Researchers have begun to 
respond to this challenge by examining the extent to which pro-environmental beliefs and 
attitudes correspond to higher levels of environmental behavior such as energy conservation and 
energy efficiency investment (Abrahamse, Steg, Vlek, & Rothengatter, 2005). The largely 
opaque relationships between attitudinal and behavioral trends in energy use have led scholars to 
develop new approaches to policy research into human-environmental problems, focusing on the 
behavior of consumers, businesses, and communities.  
 This study aims to inform better solutions to this dilemma by sharpening current 
understanding of the relationships between consumer attitudes, beliefs, norms, and behavior with 
regard to a number of environmental activities in the home. It employs detailed survey and 
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behavioral data in responding to the charge issued by prominent scholars of environmental 
decision-making: to apply what is currently known about household energy decision processes to 
test for better connections between behavioral and attitudinal and behavioral variables to target 
energy policy more effectively across diverse consumer populations ( Dietz, Stern, & Weber, 
2013). The bulk of research on the determinants of pro-environmental behavior emanates either 
from the field of psychology, with its emphasis on individual behavior (Pickett-Baker & Ozaki, 
2008; Caird, Roy, & Herring, 2008) or from sociology with a focus on broader organizational, 
social and institutional change (Agyeman & Angus, 2003; Shove, 2010). This study draws 
primarily on theory and findings in environmental psychology to generate guidance for 
policymakers as to how best to promote and encourage energy-saving decisions at the household 
level. Its chief purpose is to determine whether current American attitudes, beliefs, and norms 
surrounding environmental problems and activities are associated with pro-environmental 
behaviors such as energy conservation, light bulb replacement, and participation in utility-
sponsored conservation programs. It also tests for mediating effects of psychosocial constructs 
on the relationships among attitudinal and behavioral variables as predicted by key theories of 
environmental behavior.  
Direct U.S. residential energy use accounts for over 20% of total domestic carbon dioxide 
(CO2) emissions (Energy Information Administration (EIA), 2015). Behavioral analyses have 
determined that simple household actions could reduce residential energy consumption by close 
to 30% (Gardner & Stern, 2008) . More recent survey research has established that some of those 
behaviors are perceived as more difficult than others, with simple changes such as swapping 
incandescent light bulbs with more efficient CFLs and adjustments to thermostat and appliance 
50 
settings among the “ripest” for effective transitions in household energy behavior (Attari, 
DeKay, Davidson, & de Bruin, 2011).  
This study draws its chief motivation from these findings in seeking to establish better 
empirical links between these behaviors and their attitudinal and structural antecedents. Its policy 
relevance and research significance inhere in its ability to establish statistical relationships 
between attitudes, beliefs, norms, and some of the specific behaviors mentioned previously. In 
addition, it adds real behavioral measurements such as household-level electricity usage to self-
reported behavioral measures, adding precision to behavioral conclusions beyond what mere 
survey data can provide. Further, analysis will test for empirical relationships among different 
types of behaviors to evaluate classification schemes identified in previous literature on the 
socio-demographic and socio-psychological determinants of environmental behavior. 
Uncovering the sources of variation in these behavioral outcomes on the basis of differing 
patterns among antecedents will inform policy efforts to alter environmentally damaging trends 
in household energy use. The present analysis will also clarify the ways in which attitudinal 
influences differ across different behavioral items, both objective and self-reported. This will 
improve on existing efforts to illustrate how and whether certain antecedents may be leveraged to 
alter existing consumption and investment patterns. Finally, results point to opportunities to 
change behavior by promoting shifts in attitudes and consciousness on a more targeted basis, 
zeroing in on the benefits and costs of specific behaviors rather than just on broad environmental 
concerns.  
 Environmental beliefs and norms are among the most well-established sets of factors 
influencing behavior in the literature on human-environment interactions (Dietz, Stern, & 
Guagnano, 1998; Stern et al., 1999). It will be useful to review the literature on the influence of 
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these dimensions on household energy behavior as a basis for the conceptual model employed in 
this study. The Data section develops that model based on elements of Values-Beliefs-Norms 
(VBN) Theory and of the Theory of Planned Behavior (TBD), two well-established theoretical 
tools for explaining linkages between norms, beliefs, and environmental behaviors. This model 
provides a basis for several hypotheses about the relationships between these sets of variables. 
The Data section provides details on the data and the Analytic Strategy section describes the 
analytic strategy, which is to test the behavioral and attitudinal hypotheses using confirmatory 
factor analysis (CFA) to determine whether the data can be used to identify latent constructs in 
line with the proposed conceptual model. In addition, I propose a structural equations model 
(SEM) to determine the nature of relationships among the constructs, testing for mediation 
effects of norms along the causal chain between beliefs about the future of energy and several 
types of energy-related behaviors.  
 The results of both the measurement and structural components of the SEM models is 
explained in the Results section. In general, empirical results illustrate that energy-related 
attitudes and norms affect different energy-related behaviors in different ways. Although both 
personal14 and social15 energy norms are related to energy consumption behaviors, only social 
norms appear to predict the expression of support for conservation activities. Similarly, energy-
related norms fully mediate the causal relationship between energy concern16 and consumption 
behavior, but the same relationship does not hold for the expression of support for conservation 
                                                            
14 The study defines personal energy norms as “statements of importance or priority around a personal commitment to 
conservation and environmental protection.”  
 
15 Social energy norms refer in this paper to statements of proper ethical conduct regarding energy use and related 
environmental consequences.  
 
16 This study follows previous work in defining “energy concern” as a narrowed conception of “environmental 
concern.” As such it comprises a range of attitudes and perceived consequences related to energy activities and their 
environmental and economic implications (Bamberg, 2003a; Chen & Knight, 2014; Takács-Sánta, 2007). 
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behavior. Demographic controls exhibit differing effects as well. Older respondents are more 
likely to exhibit a sense of personal responsibility to conserve, but they do not appear to expect 
the same conduct from others. The Discussion section concludes with a discussion of the 
theoretical and policy significance of these and other findings.  
Review of Existing Literature 
A Note on the Environmental Attitude-Behavior Gap 
If general awareness and belief in the importance of environmental behavior change is on 
the rise, why do consumers remain so reluctant to adopt such behaviors? This question is a 
primary source of motivation for this study, which aims to determine empirically the extent of 
relationships among different sorts of attitudinal and behavioral variables. The attached appendix 
includes a more detailed review of empirical work related to the environmental attitude-behavior 
gap, including the different types of behavioral antecedents that have been studied. This 
extended review of relevant literature also discusses findings related to several different types of 
behavior and illustrates differences in results across behavioral variables. For succinctness, this 
section reviews only those studies that are directly relevant to the variables used for analysis, as 
well as the theoretical considerations that shape the conceptual model in Section 3.  
Beliefs About the Future of Energy 
This study examines the extent to which environmental concern, and specifically concern 
about the future of energy-related issues, influences energy conservation behavior either directly 
or indirectly through mediating cognitive forces. Several scholars have noted that economic 
influences are insufficient to explain pro-environmental behavior, and that internal factors, such 
as environmental concern will be critical sources of motivation for such behaviors (Stern & 
Dietz, 1994; Takács-Sánta, 2007). One study by Poortinga, Steg, and Vlek (2004) demonstrated 
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a link between environmental concern and the acceptance of household energy conservation 
behaviors. Additional work has shown that concern about specific environmental and energy-
related issues, such as climate change, corresponds to a greater likelihood of performing various 
pro-environmental behaviors (Ehrhardt-Martinez & Laitner, 2010; Semenza et al., 2008).  
Existing theoretical work and empirical evidence suggest that energy concern should be 
studied separately from environmental concern in environmental behavior research. This 
contention is grounded in findings of stronger and more stable attitude-behavior relationships in 
cases in which those attitudes are more specifically linked to the behaviors in question 
(Bamberg, 2003; Chen & Knight, 2014). Accordingly, this study focuses on the impact of energy 
concern, or individuals’ attitudes regarding the importance of energy issues, conservation, and 
environmental problems related to energy use such as climate change.  
Although measures of energy concern are more specific than general environmental 
concern, previous literature suggests that direct effects of this construct on pro-environmental 
energy behavior are unlikely (Bamberg, 2003). Building on previous literature and the theoretical 
considerations described previously, this study proposes that the impact of energy concern on 
behavior is mediated by additional psychological variables. In this case, personal and social 
norms regarding energy use are tested as potential mediators. This assumption is grounded in 
studies that employ norms as constructs of the aforementioned VBN and TPB theories to explain 
the impacts of general environmental attitudes and beliefs on pro-environmental behavioral 
intentions (Bamberg, 2003) and support for environmental social movements (Stern et al., 1999). 
Although the bulk of such studies find no direct effect of energy concern on environmental 
behavior, the present study follows previous work that aims to test for such direct connections in 
addition to the indirect ones discussed above (Chen & Knight, 2014).  
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Personal and Social Norms 
Environmental psychologists are quick to point out that differences in consumer 
propensities to adopt energy-saving routines and appliances hinge partly on normative 
considerations related to the long-term social and environmental consequences of our energy 
behavior (Hulme, 2010). As Ehrhardt-Martinez (2008) argues, consumers of energy and 
environmental goods and services are more than just rational economic or even social actors; 
they are moral actors who behave in response to deeply held beliefs and worldviews. Much 
existing scholarship on the influence and activation of normative beliefs and attitudes pertains to 
environmental and pro-social behavior more generally. For instance, Cialdini ( 2005) found that 
invoking attitudes of responsibility toward society, nature, and community increased the 
likelihood of hotel towel reuse from 35% to 58%. A 2007 meta-analysis of the psycho-social 
determinants of pro-environmental behavior revealed that moral norms were responsible for up 
to a third of the variation in the level of intention to perform said behaviors (Bamberg & Möser, 
2007).  
Additional empirical work has found that the moral convictions implied by norms can be 
more powerful than general environmental beliefs in promoting pro-environmental behavior such 
as curbside recycling (Guagnano, Stern, & Dietz, 1995b) and hotel towel reuse (Cialdini, 2005). 
Finally, Ozaki (2011) found that a key determinant of intentions to engage in pro-environmental 
behavior was personal norms such as agreement with need to address climate change through 
human action and that we all bear some responsibility for such action. This study builds on these 
findings by examining the effects of environmental norms on behavior-specific attitudes and, 
ultimately, on objective measures of energy consumption behavior. 
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It is also important to note key differences among specific types of norms to allow for 
more accurate conceptualizations of how these elements shape behavior.17 Cialdini, Reno, and 
Kallgren (1990) distinguish between injunctive and descriptive norms. In the most basic sense, 
descriptive norms refer to an individual’s apprehension of what is a typical course of action, thus 
providing viable guidance for his or her own behavior. Injunctive norms describe what ought to 
be, thus identifying morally acceptable conduct regardless of any perceptions about what 
significant others might be doing. These injunctive norms may refer to a personal sense of 
obligation or an ascription to a perceived societal responsibility to conform to a more general 
behavioral rule. The present study invokes injunctive norms from both personal (“It is important 
for my household to use less energy to ensure an adequate supply of affordable power in the 
future”) and social (“Everyone should make a real effort to conserve energy, even if they don’t 
have to worry about cost”) perspectives. As previously mentioned, the conceptual approach 
underling this study considers norms as probable mediating elements in the causal link between 
environmental concern and behavior. This use of injunctive norms follows previous empirical 
approaches grounded in Schwartz’s (1973) norm activation theory of altruism, as well as the 
VBN theory and the TPB.  
Different Types of Energy Behaviors 
Paul Stern (2000) draws a distinction between impact- and intent-oriented definitions of 
environmental behaviors. Impact-oriented definitions are aimed at zeroing in on those behaviors 
that represent large potential environmental improvements. Intent-oriented definitions focus 
more on the attitudinal and motivational components of the behaviors to better understand and 
change them. These distinctions are important because different patterns of psychological and 
                                                            
17 See appendix for an extended discussion of different types of norms and how they have been shown to affect 
environmental behavior.  
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socio-demographic variables are linked to different types of behaviors (Stern, 2000). For instance 
Poortinga and colleagues (2004) found that impact-oriented behaviors such as home energy use 
and transport activities were more closely linked to sociodemographic variables while intent-
oriented behaviors such as support for energy-saving activities and policies drew heavier 
influence from attitudinal variables. Gatersleben and colleagues (2002) found earlier evidence of 
this result, illustrating that intent-oriented behaviors were more closely linked to attitudes than 
were impact-oriented behaviors like electricity usage, which were primarily determined by social 
structural variables such as income.  
More recent research has examined behavioral intentions as distinct from the behaviors 
themselves. A comprehensive attitudinal study by Abrahamse and Steg (2011) found that the 
psycho-social variables specified by the VBN but not those identified in the TPB were able to 
explain household energy consumption, whereas the converse was true for intentions to reduce 
energy use from baseline levels. Additional work has demonstrated the effectiveness of TPB 
variables in explaining energy conservation intentions in workplace settings as well (Chen & 
Knight, 2014). The present study builds on this work by including two behavioral intention 
measures among its items gauging support for conservation actions and policies. Intentions have 
been verified as important precursors to behavior change and therefore important targets for 
conservation policy (Abrahamse & Steg, 2011a). The conceptual model outlined in the next 
section makes use of elements from the VBN framework, following previous empirical attempts 
to outline clear relationships between attitudes, subjective norms, intentions, and actual 
environmental behaviors (Stern et al., 1999; Steg, Dreijerink, and Abrahamse, 2005). It also 
borrows from Ajzen’s (1991) Theory of Planned Behavior (TPB) in exploring the logical 
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connections between behavior, beliefs, specific attitudes, subjective norms, and barriers to 
behavioral control. 
Factor analyses provide empirical evidence for distinct behavioral constructs based on 
individual behavioral items. One such study by Dietz and colleagues (1998) found three 
significant behavioral factors: household behaviors, environmental citizenship, and willingness 
to sacrifice personal gain for the sake of environmental improvements. Similar studies found 
support for these constructs, including a “policy support” factor, which includes willingness to 
make economic sacrifices to protect the environment (Stern et al., 1999). Accordingly, this study 
makes use of a number of behavioral indicators to test for the emergence of a “willingness to 
support conservation actions” factor and to examine its relationships to energy concern and 
norms.  
Self-reported behaviors drawn from household surveys dominate the literature seeking to 
explain the determinants of pro-environmental activity. One fairly comprehensive study 
examined the role of TPB and VBN variables in shaping several self-reported behaviors 
including green purchasing, recycling, and conservation habits, each of which are also included 
in the present study (Gadenne, Sharma, Kerr, & Smith, 2011). The previously mentioned study 
by Poortinga et al. (2004) examined the ability of the VBN to explain self-reported measures of 
energy use and transport activities. Yet only a few studies have been able to link these attitudinal 
and social structural variables to objective behavioral measurements, and those that do tend to 
rely on very small and unrepresentative samples. Abrahamse and Steg (2011) measured actual 
energy usage with electricity meter readings for Dutch utility customers, though their sample was 
not representative of the general Dutch population and only included 199 households. Brandon 
and Lewis (1999) observed British households’ electricity meter readings in response to various 
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feedback mechanisms and comparisons with neighbors’ consumption level. Their study, like 
Poortinga et al. (2004), relied on a very small sample of households but yielded several useful 
insights regarding behavioral types. Although actual energy use was most heavily influenced by 
social and demographic variables, in line with previous findings, Brandon and Lewis found that 
changes in consumption in response to an intervention were related to environmental attitudes. 
The study of Dutch household energy use by Abrahamse and Steg (2011) corroborates this 
finding. The present study draws on these results in exploring the connections among social 
structural, attitudinal, and behavioral variables. It includes several of the aforementioned types of 
behavioral measures including objective measurements of household electricity usage and 
participation in a peak-clipping program for a nationally representative sample of over five 
thousand households across the southeastern United States.  
Roots in VBN and TPB 
This study examines environmental norms as well as beliefs and concern about the future 
of energy as key precursors of environmental behavior. The survey data on environmental 
beliefs, attitudes, and behavior allow for empirical examination of the nature and extent of casual 
relationships among these dimensions. This information will contribute to existing knowledge 
regarding the degree to which theories of environmental behavior such as the VBN can explain 
various sorts of energy-saving activities at the household level. Further, it employs a suite of 
attitudinal survey items to establish the constructs posited by these theories. These results will 
inform efforts to design environmental behavioral strategies that effectively target consumers on 
the basis of differing micro-level influences on decision-making.  
 As Abrahamse and Steg (2011) note, there exist few studies linking household energy use 
to attitudinal variables. Those that do only include a few psychological variables and they tend 
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not to examine attitude-behavior relationships in the context of existing psychological theories 
(Brandon & Lewis, 1999; Gatersleben et al., 2002; Poortinga et al., 2004). The past few years 
have seen valuable contributions to this research gap with studies grounded in TPB, VBN, and 
related theories, which also explore the relationship between actual electricity usage and a 
broader suite of psychological variables. Yet even these studies have relied on small, restricted 
samples (Abrahamse & Steg, 2011) and self-reported measures of energy use or conservation 
intentions (Abrahamse & Steg, 2009; Chen & Knight, 2014).  
The present study continues to build on this line of work by incorporating a rich array of 
psychological survey variables into a theory-driven study of household energy behavior. A 
representative sample of American households in two states adds a degree of generalizability 
beyond that of previous studies. Further, it includes several different types of behavioral 
measures, including self-reports of conservation activity, conservation program participation, and 
electricity use as measured by the utility administering the survey.  
Conceptual Model  
The purpose of this project is to test whether latent attitudinal constructs and behavioral 
intentions can help explain variation in energy behavior across residential electricity consumers. 
For instance, Hoot and Friedman (2010) found that environmental beliefs and worldview 
associated with the New Ecological Paradigm were positively correlated with pro-environmental 
behaviors. Yet more comprehensive studies have shown little to no direct relationship between 
general beliefs, such as concern for the environment, and pro-environmental behavior. These 
studies point out, however, that the belief-behavior relationship is mediated by more specific 
cognitions such as perceived behavioral control, norms, and behavior-related attitudes (Bamberg, 
2003; De Groot & Steg, 2007). One of the key objectives of this paper is to consider the deeper 
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question of how those two sets of variables are related. To do this I make use of existing theory 
that explains the relationship or lack of relationship between energy-related environmental 
beliefs and behavior as a function of mediating forces: social and personal environmental norms. 
My conceptual framework builds on Gadenne et al.’s (2011) use of elements of multiple theories 
of environmental action to holistically model connections between several internal dimensions of 
environmental behavior. Their approach incorporates elements of the VBN framework as well as 
the TPB (Ajzen, 1991) to hypothesize logical connections between these sets of behavioral 
antecedents established in previous research.  
The VBN theory suggests that general beliefs about the environment may affect pro-
environmental behavioral intentions both directly and indirectly, through environmental norms 
(Steg et al., 2005). On this theory, attitudes toward environmental behavior and ultimately the 
behavior itself depend on egoistic, altruistic, and biospheric values that shape beliefs about the 
importance of environmental action and feelings of personal responsibility for the consequences 
of such behavior. Although I do not attempt to measure different types of values (altruistic, 
egoistic, biospheric), my data do contain numerous items reflecting personal norms regarding 
environmental protection and energy use (e.g., “everyone should make a real effort to conserve 
energy, even if they don’t have to worry about cost”). I aim to build on conceptual approaches 
that posit personal and social norms as key mediating elements in the causal progression between 
environmental beliefs and behavior. Specifically, this approach is grounded in Schwartz’s norm-
activation theory of altruism, as well as later work that affirmed the mediating role of norms in 
establishing the VBN theory of environmental behavior (Schwartz, 1973; Guagnano, Stern, & 
Dietz, 1995; Stern et al., 1999). I include social and personal environmental norms as key 
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precursors to various energy behaviors that are also activated in response to concern about the 
future of energy use and its environmental impacts.  
My conceptual model is also loosely based in Ajzen’s (1991) theory of planned behavior, 
which posits subjective norms as key antecedents of behavioral intention. These norms have 
been found to predict behavior specific attitudes (Pickett-Baker & Ozaki, 2008), intentions (Chen 
& Knight, 2014) and numerous pro-environmental behaviors (Gadenne et al., 2011) in several 
studies that make use of VBN and TPB. Further, I follow previous work that uses the VBN and 
TPB in examining environmental concern, and specifically energy concern, as the primary 
motivation for energy-saving behavior (Bamberg, 2003; Chen & Knight, 2014; Poortinga et al., 
2004).  
 The proposed research model is depicted in Figure 3.1 and illustrates logical connections 
between environmental concern, social and personal norms, and various behavioral measures as 
suggested by previous literature and key theories of environmental behavior. This research 
model follows Bamberg (2003) in seeking to determine the specific ways in which 
environmental concern influences environmentally relevant behaviors. It also follows Chen and 
Knight (2014) in measuring concern about energy issues as a key subset of beliefs about the 
environment, generally, to identify more specific connections between behavior and the 
cognitive constructs featured in the TPB. To this end, I aim to confirm the mediating influence of 
norms along the causal pathway between behavior and environmental concern in line with 
existing TPB-based research (Chen & Knight, 2014; De Groot & Steg, 2007) 
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Figure 3.1. Conceptual model. 
 
Based on the literature reviewed in earlier sections and the conceptual model depicted in 
Fig. 3.1, the following analysis aims to test the following seven hypotheses: 
 
H1: Beliefs/concern about the future of energy are positively related to personal norms 
about energy use. 
 
H2: Beliefs/concern about the future of energy are positively related to social norms 
about energy use. 
 
H3: Personal norms about energy use are positively related to support for pro-
environmental energy behaviors. 
H3b: Personal norms about energy use are negatively related to energy 
consumption behaviors. 
 
H4: Social norms about energy use are positively related to support for pro-
environmental energy behaviors. 
H4b: Social norms about energy use are negatively related to energy 
consumption behaviors. 
 
H5: Personal norms mediate the relationship between energy future beliefs/concerns and 
support for pro-environmental energy behaviors. 
H5b: Personal norms mediate the relationship between energy future 
beliefs/concerns and energy consumption behaviors. 
 
H6: Social norms mediate the relationship between energy future beliefs/concerns and 
support for pro-environmental energy behaviors. 
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H6b: Social norms mediate the relationship between energy future 
beliefs/concerns and energy consumption behaviors. 
 
H7: Beliefs/concern about the future of energy are directly related to support pro-
environmental energy behaviors. 
H7b: Beliefs/concern about the future of energy are directly related to energy 
consumption behaviors. 
 
This study employs 11 distinct behavioral measures representing five different behavioral 
constructs, each with its own precedent in the literature discussed above. Each of the seven key 
hypotheses will be tested for both of the behavioral constructs depicted in Figure 3.1. It thus 
examines all five behavioral areas to see if the pattern of psycho-social variables implied by the 
theoretical considerations discussed above is the same for different types of environmental 
behavior.  
Data and Method 
Survey and Participants 
This study uses data collected as part of a residential electric utility customer 
segmentation study. In April 2010, a major southeastern energy utility mailed a 10-page 
questionnaire to 16,500 residential customers in two states. The utility mailed reminder post 
cards to non-respondents in May and ultimately received 6,217 responses by the June 2010 
deadline, yielding a 38% response rate. This is below what similar studies have been able to 
obtain using more expensive survey methods such as telephone interviewing (Stern et al., 1999). 
Such methods are prohibitively costly given the comparatively large sample size, and the 
obtained rate in the present study is much higher than what is commonly reported in similar 
studies using cheaper methods (Gadenne et al., 2011).  
Participants were recruited from a sampling frame including over 1 million households, 
representing the utility’s entire customer base. The final number of cases examined in this study 
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was 5,047 after excluding households that declined to complete all 24 of the primary 
psychological and behavioral survey items employed in the statistical models reported below. 
The utility confirmed that the sample was balanced over dimensions of income, region and 
dwelling size.  Over 82% of this final sample consisted of homeowners. 60.6% of the sample was 
male, which is a bit lower than the rate seen in similar studies (Bamberg, 2003; Chen & Knight, 
2014; Gadenne et al., 2011). The bulk of the sample reported incomes between the $20k–$50k 
and $50k–$75k ranges. Around 43% of respondents were between 25 and 54 years old with 18–
24 year-olds making up only 1% of responses. Nearly 40% of the sample had at least a college 
education. Means for age, income, and education were not available since the data consist of 
ordinal measures based on commonly used brackets. The averages for number of children and 
size of household were .43 and 2.4. Table 3.1 displays complete summary statistics for the entire 
sample, including the objective behavioral items used for analysis.  
 
Table 3.1. Summary Statistics for Behavioral and Demographic Variables 
Variable18 Range Obs Mean/pct. Std. Dev. 
Objective Behavioral Variables     
Annual electricity consumption (kwh) 2 – 95,525 5344 13,472 7,505.6 
Load control program participation   
5344 
 
.195 
 
.40 
Demographic Variables     
Male (n=4,563 non-missing)  2,742 0.60 0.49 
Age (n=4,631 non-missing) 18-23 48 0.01  
  
25-34 
401 0.09  
 35-44 857 0.19  
 45-54 858 0.19  
 55-64 1,002 0.22  
 65-74 845 0.18  
 75+ 620 0.13  
                                                            
18 Summary statistics are reported for non-missing values only. Additional observations are included in the final analysis 
even though some are missing information for certain socio-demographic and attitudinal items. The structural equations 
modeling approach described in this study explain the use of direct maximum likelihood (ML) estimation to keep the 
majority of observations in the data set (Allison, 2001; Brown, 2012). Although these missing data do not pose a 
problem from an analytical standpoint, summary statistics are only available for non-missing observations, leading to 
slightly smaller sample sizes for certain variables.  
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Education (n=5,251 non-missing) grade school  
105 
0.02  
 some high school 249 0.05  
 high school 1,030 0.20  
 some college 1,689 0.32  
 college 1,429 0.27  
 graduate school 749 0.14  
Income (n=4,916 non-missing) < 20,000 881 0.18  
 20-49,000 1,675 0.34  
 49-75,000 986 0.20  
 75-100,000 610 0.12  
 100-150,000 516 0.11  
 150,000+ 248  
0.05 
 
Household members 1 -10 5247 2.28  1.21 
 
 
Measures 
 The present analysis makes use of an array of attitudinal and behavioral variables that 
were selected to represent the theoretical constructs discussed previously and depicted in Figure 
3.1. Although several of these survey items were found to measure these constructs fairly well, 
the questions were not designed to reflect the VBN, TPB, or any related conceptual models, 
which presents challenges for constructing coherent measurement scales and models with good 
fit. Though most studies of this sort make use of opportunities to construct questionnaires with 
specific theoretical approaches in mind, they often fail to distribute these surveys across 
representative samples, instead relying on small and convenient respondent pools. It is worth 
noting at the outset that the present data, despite its rich endowment with several useful 
attitudinal items, does not afford comprehensive measurement of all of the VBN and TPB 
constructs. However, what the data lack in theoretical precision, they make up for in 
representativeness and in their ability to capture a detailed array of energy-related behaviors, 
including actual electricity usage and conservation program participation that most survey driven 
environmental behavior studies are unable to capture.  
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The selection of survey items to represent theoretical constructs is a delicate art, especially 
when these items were not initially informed by any theoretical approach. This analysis required 
omission of several interesting attitudinal items to focus on the logical connections among the 
theoretical constructs that were measurable with available data. Selection consisted of a 
combination of basic reasoning and measurement through confirmatory factor analysis (CFA) to 
make use of what is available, relying on the overall richness of the behavioral and attitudinal 
data. The following analysis proposes a simplified model based on elements of the VBN and 
TPB. As such, it includes measures of general energy concern, norms related to energy use, and 
several different types of energy related behavior. The specific items used to construct these 
measures are discussed next. Table 3.2 presents descriptive results for the survey items used to 
represent the key attitudinal and behavioral constructs implied by the theoretical considerations. I 
report means and standard deviations for the entire sample as well as a comparison of mean 
values for each item between two groups representing high and low levels of environmental 
concern. Construction of these groups follows Bamberg’s (2003) analysis in splitting the 
complete sample into two sub-groups to analyze the effects of environmental or, in this case 
energy, concern on behavior.  
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Table 3.2. Summary Statistics for Behavioral Antecedents 
| Entire 
Sample 
Low Energy 
Concern 
High Energy 
Concern 
p-value 
Count     5109 2556 2553  
Energy-related personal norms     
It is important to protect the environment from climate 
change – even if it means committing my time and 
money (10 max.)  
1.41 (1.48) 1.15 (1.30) 1.67 (1.60) 0.000 
It is important for my household to use less energy to 
ensure an adequate supply of affordable power in the 
future (10 max.) 
7.43 (2.32) 6.33 (2.25) 8.54 (1.81) 0.000 
It is my right to use as much energy as I want, as long as 
I can pay for it (10 max.) 
5.22 (3.19) 5.47 (3.02) 4.97 (3.32) 0.000 
Energy-related social norms     
Climate change is real and it’s important we take actions 
to minimize it (10 max.) 
7.02 (3.12) 5.72 (3.05) 8.32 (2.62) 0.000 
Everyone should make a real effort to conserve energy, 
even if they don’t have to worry about cost (10 max.) 
8.54 (2.00) 7.85 (2.17) 9.2 (1.52) 0.000 
Support for conservation behaviors     
I am willing to make significant lifestyle changes in 
order to protect the environment for future generations 
(10 max.) 
7.14 (2.37) 6.08 (2.25) 8.21 (1.96) 0.000 
It is important for me to have the option of buying a 
significant share of my electricity from non-polluting 
sources such as wind and solar power – even if it costs 
more (10 max.) 
1.41 (1.62) 1.16 (1.45) 1.66 (1.74) 0.000 
I would be likely to consider energy-related product or 
service offers from my electric utility (10 max.) 
7.02 (2.53) 6.40 (2.43) 7.63 (2.48) 0.000 
I am likely to buy a plug-in hybrid car when a practical, 
affordable model is available from a major company (10 
max.) 
5.19 (3.18) 4.35 (2.81) 6.02 (3.30) 0.000 
On very hot days, I would be willing to let my utility 
company adjust my air conditioning by 2 to 3 degrees 
for up to four hours if it reduced my bill (10 max.) 
5.77 (3.35) 5.13 (3.18) 6.40 (3.40) 0.000 
Consumption behavior     
My household is conscientious about recycling (10 
max.) 
7.54 (2.82) 7.06 (2.89) 8.03 (2.67) 0.000 
We pay close attention to how much electricity we use 
in our home (10 max.) 
7.42 (2.37) 6.76 (2.41) 8.08 (2.13) 0.000 
I have done about as much as I can, within reason, to 
conserve on the use of electricity in my home (10 max.) 
7.53 (2.24) 6.86 (2.29) 8.19 (1.96) 0.000 
Have replaced several or all light bulbs with CFLs 
(Y/N) 
0.515 
(2632) 
0.468 (1196) 0.562 (1436) 0.000 
Annual electricity usage (Kilowatt hours) 14,000.97 
(7,364.8) 
14,235.8 
(7,448.3) 
13,767.8 
(7,274.3) 
0.023 
Load control participation (percentage participating) 0.195 0.180 0.209 0.01 
* = All variables measured on 1-10 scale of agreement, where 10 is “strongly agree” unless otherwise specified.  
 
  
68 
Concern About Energy Future 
Environmental concern is said to constitute a form of environmental belief, which is a 
key antecedent cause of environmental norms and, ultimately, behavior in the VBN. Emphasis 
on this construct is rooted in deeper inquiry into the direct versus indirect effects of 
environmental concern on behavior and behavioral intentions (Bamberg, 2003; Chen & Knight, 
2014). The present analysis measures this construct using a scale consisting of five items that 
gauge a respondent’s level of concern about the future of energy costs and availability. Each 
respondent was asked to report agreement with the following statements: 1) Building solar power 
facilities will be necessary to provide an adequate supply of power in the future; 2) Building 
wind power facilities will be necessary to provide an adequate supply of power in the future; 3) 
High energy costs will be a major problem in the future; 4) In the future, I am concerned I will 
have to make significant lifestyle changes because of high energy costs; 5) Scarce energy 
supplies will be a problem in the future. Responses to each prompt were measured on a 1–10 
Likert ranking system.  
Personal Energy Norms 
Personal energy norms were measured using a three-item scale consisting of the 
following Likert measures: 1) It is important to protect the environment from climate change—
even if it means committing my time and money; 2) It is important for my household to use less 
energy to ensure an adequate supply of affordable energy in the future; 3) It is my right to use as 
much energy as I want, as long as I can pay for it.  
Social Energy Norms 
A two-item scale measuring social energy norms included the following two items: 1) 
Climate change is real and it is important we take actions to minimize it; and 2) Everyone should 
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make a real effort to conserve energy, even if they don’t have to worry about cost. Social norms 
are measured separately from personal norms because the latter invoke a sense of personal or 
household-level commitment or rights whereas the latter constitute injunctive expressions of 
societal responsibilities to conserve energy and protect the environment (see definitions in 
footnotes 1 and 2.)  
Support for Energy Conservation Actions 
As later sections will report, this study runs separate structural models for two different 
behavioral constructs. One model employs a scale consisting of both objective and self-reported 
measures of actual energy behavior while the other examines expressed support for energy-
saving activities and willingness to change current behavior patterns to better conserve energy. 
Inclusion of this more indirect form of behavior serves two purposes. First, it contributes to a 
distinct behavioral literature that seeks to determine the attitudinal influences on behavioral 
intentions (Chen & Knight, 2014). Second, it informs inquiry into the causes of support for pro-
environmental movements, policies, and activities (Stern et al., 1999). I created a measure of 
support for pro-environmental energy activity using 10-point Likert scale rankings of agreement 
with the following five statements: 1) I am willing to make significant lifestyle changes in order 
to protect the environment for future generations; 2) It is important for me to have the option of 
buying a significant share of my electricity from non-polluting sources such as wind and solar 
power; 3) I would be likely to consider energy-related product or service offers from my electric 
utility; 4) I am likely to buy a plug-in hybrid car when a practical, affordable model is available 
from a major company; and 5) On very hot days, I would be willing to let my utility company 
adjust my air conditioning by two to three degrees for up to four hours if it reduced my bill.  
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Actual Consumption Behavior 
Consumption behavior was measured using a number of self-reported activities as well as 
data recorded from electricity meters and utility records. Seven total behavioral items constitute 
this scale. Non-survey items include electricity usage and enrollment in two energy saving 
programs: a peak-clipping appliance cycling contract and a load shifting time-of-use rate 
agreement. Additional behaviors were measured using a categorical description of compact 
fluorescent light bulb (CFL) use, as well as agreement with three 10-point behavioral statements: 
1) My household is conscientious about recycling; 2) We pay close attention to home much 
energy we use in the home; and 3) I have done about as much as I can, within reason, to conserve 
on the use of electricity in my home.  
Social and Demographic Control Variables 
Each structural model includes control variables for demographic characteristics of 
participating households, including income, education, age cohort, and the number of household 
members. This is done in part to insure against the non-randomness of missing data that could be 
correlated with demographic characteristics. It also follows a large body of research that 
demonstrates relationships between social structural characteristics and energy and 
environmental behavior (Lutzenhiser, 1993; Mills & Schleich, 2012; Moll et al., 2005; Vringer 
& Blok, 1995).   
Analytic Strategy 
This paper employs a structural equations modeling (SEM) approach to measure several 
latent constructs simultaneously and to test hypotheses about the logical connections among 
those constructs implied by theories of environmental behavior. Scholars have noted that SEM is 
particularly advantageous in certain contexts because it combines features of confirmatory factor 
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analysis (CFA) and ordinary least squares (OLS) regression, which allows the researcher to 
account for measurement error in ways that OLS approaches (correlation or regression 
coefficients) alone cannot (Chen & Knight, 2014; Brown, 2012).  
Social and behavioral science research is often unable to meet the OLS assumption that 
the variables are measured without error because they rely on items derived from questionnaires 
and subjective observations (Brown, 2012). CFA and SEM have the capacity to adjust for errors 
in measurement by taking into consideration the shared variance among the individual indicators 
of each factor. Instead of measuring the relationships between these indicators, CFA instead 
produces factor intercorrelations, which measure the relationship between latent constructs. Such 
estimates are closer to the true population value of the inter-construct relationships than any 
pairing of individual indicators because the former relationships are adjusted for measurement 
error.   
 CFA is particularly useful in this analysis because the present data contain multiple 
survey items that capture energy consumption and conservation behavior as well as levels of 
concern and norms associated with energy use. Factor analysis identifies the underlying 
relationships among the variables in each behavioral antecedent class and gauges the strength of 
their connections to each other. The present analysis consists of two parts: 1) a measurement 
model, which specifies how many factors exist within the theoretical groupings previously 
discussed as well as the relationships between the individual indicators and those latent factors; 
and 2) a structural model that specifies the type of relationships that exist between the latent 
factors. The second model will determine the existence of direct and indirect effects between the 
variables contained in the hypotheses detailed above.  
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 This study relied on Stata (Version 12) for the measurement and structural portions of the 
analysis. Although missing data were not a pervasive problem for this survey, there are missing 
values for some of the attitudinal and demographic items. It is highly unlikely that the restrictive 
“missing completely at random (MCAR)” assumption is met given that the probability of a 
missing answer is likely somehow correlated to additional covariates such as education or age 
(Allison, 2001). It is also unlikely that this analysis violates the weaker “missing at random 
(MAR)” assumption. The sample was balanced across several dimensions (income, region, 
dwelling type) and there were no plans in the survey design that would have led to inevitable 
missed responses for any of the items. In line with established methodologists’ 
recommendations, this analysis proceeds on the basis of the MAR assumption, using direct 
maximum likelihood (ML) estimation to keep the majority of observations in the data set 
(Allison, 2001; Brown, 2012). 
 Analysis follows similar approaches in first conducting a confirmatory factor analysis 
(CFA) for measurement validation before proceeding to hypothesis testing with the structural 
models. CFA produces factor loadings, the key results of the measurement portions of an SEM 
model. These factor loadings indicate the extent to which an individual survey item represents 
the latent construct of interest. I assess the construct validity of the measures using the CFA 
approach before using SEM to estimate path coefficients, or regression-style relationships, 
among the latent, or unobserved, variables. The SEM procedures test the specific hypotheses 
implied by theory and help determine the best fitting model for the available data. I estimate 
covariances among all exogenous variables, including the controls. I also report several measures 
of overall model fit, including the chi-squared goodness of fit statistic, the comparative fit index 
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(CFI), the Tucker-Lewis index (TLI), and the root mean squared error of approximation 
(RMSEA).  
 In determining mediation as specified by the hypotheses, I examine a) whether the 
independent variables (X) affect the dependent variables (Y); b) whether X affects the mediating 
variables (M); c) whether M affects Y, controlling for X; and d) whether the path coefficient for 
the effect of X on Y is insignificant once M is controlled for. Complete mediation requires that 
conditions a–d are upheld, whereas I determine partial mediation based on the satisfaction of a–c. 
Separate structural models for the two behavioral constructs examine the mediating influences of 
both social and personal norms regarding energy use. These mediators serve dual purposes as 
both dependent variables and independent variables in the causal chain that runs from energy 
concern to behavior. SEM, therefore, allows for testing of mediation hypotheses by 
simultaneously analyzing the mediator as both a cause and an outcome, providing measurements 
of indirect effects of energy concern on behavior in addition to direct ones.  
 Complete factor analysis along these lines has seen some attention in recent literature 
(Gadenne et al., 2011; Hoot & Friedman, 2010), and SEM approaches have been able to identify 
mediating effects of VBN and TPB antecedents on behavioral intention (Chen & Knight, 2014). 
The present study extends previous efforts by applying CFA and SEM to a uniquely broad array 
of different behaviors, both self-reported and those measured by a third party (in this case, an 
electric utility company). It also deviates from the majority of studies of this nature, which tend 
to employ surveys that are framed in ways that may lead to selection bias. For instance, surveys 
that disclose the intention of measuring environmental attitudes may lead to higher response 
rates among those already pre-disposed toward such psychological traits. Furthermore, much of 
these survey data derive from online surveys with low response rates, further increasing 
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vulnerability to bias and limiting generalizability. Identification of latent attitudinal constructs 
and their influences on behavior with the current data set can provide better estimates of those 
influences and the extent to which they diverge from previous findings.  
Results  
Measurement Model and Confirmatory Factor Analysis 
Statistical fit of the measurement models varies across the constructs studied, which 
reflects the limitation of the survey previously discussed. The consumption behavior model 
generates fairly good fit measures (RMSEA=0.033, CFI = 0.93, and TLI = 0.94) while the 
“support for conservation actions” model produces somewhat satisfactory fit (RMSEA=0.09, 
CFI = 0.86, and TLI = 0.77). The “concern about the future of energy” model demonstrated poor 
fit19 with RMSEA of 0.2 (desirable range at or below 0.05), CFI = 0.734 (desirable range above 
0.9), and TLI =0.609 (desirable range above 0.9). The measurement models for both personal 
and social energy-related norms produce similarly unsatisfactory measures of fit.  
The relatively poor fit of some of the measurement models, and the lack of additional 
survey items necessary to identify alternative models and scales, are limitations of this study. 
However, the factor loadings still provide meaningful information about the degree to which 
different types of survey items represent the latent constructs. Table 3.3 presents the 
measurement models for each of the five latent constructs with standardized factor-loadings for 
each survey item.  
 
  
                                                            
19 All measurement and structural models generate chi-squared statistics well in excess of the desirable range. This is very 
common among SEM analyses, especially among those employing large samples such as this one, which increase 
statistical power thereby decreasing the likelihood of a non-significant test statistic (Brown, 2012).  
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Table 3.3. Results of CFA Measurement Models for Five Latent Variables  
Measurement Model λ  
Concern about energy futurea  
Solar power is necessaryb* 0.91 
Wind power is necessary 0.90 
High energy costs concern 0.45 
Future lifestyle changes concern 0.41 
Scarcity of supply concern 0.50 
  
Environmental personal norms  
Protect environment from climate change 0.32 
Use less energy 0.78 
My right to use as much energy as I want -0.24 
  
Environmental social norms  
We should minimize climate change 0.73 
Everyone should conserve energy 0.57 
  
Support for conservation activities  
Willing to make lifestyle changes 0.61 
Important to have renewable energy options 0.19 
Likely to consider energy-related utility services 0.60 
Likely to buy plug-in hybrid 0.39 
Willing to let utility adjust thermostat 0.57 
  
Consumption behavior  
Recycling -0.31 
Pay close attention to electricity use -0.66 
Done as much as I can to conserve energy -0.75 
Have replaced several or all light bulbs with CFLs -0.15 
Annual electricity usage 0.20 
Load control participation -0.08 
(λ = standardized factor loadings) 
a Latent Construct 
b Single indicator variable 
* Abbreviated. Full definitions of each of the attitudinal variables are available in Table 3.2.  
 
 
 The table demonstrates a wide range of scores and corresponding degrees of convergent 
validity for each survey item. Several of the items display high factor-loadings, with scores 
above .9 for certain questions. Others are well below acceptable thresholds, meaning they do a 
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poor job of measuring the specified constructs. All of the items are significantly associated with 
their designated theoretical constructs (p-values for factor-loadings < .0001). However, some of 
the measurement models demonstrate a lack of support for the assumption that the individual 
underlying factors specified by the present conceptual model can completely explain the 
covariation of items representing energy concern, norms, and conservation behavior. Again, this 
is to be expected given that the survey was designed to segment a customer population rather 
than to generate reliable measures of theoretical constructs.  
In addition to detracting from the reliability of the chosen measurement scales, the results 
of the ill-fitting CFA models raise concerns about fit for the structural models discussed later. 
Despite these limitations, I proceed with the given measures to capitalize on the existing data set 
by identifying structural relationships between the constructs and the measured behaviors. 
Normally, it would be advisable to revise the measurement models to generate better fit and 
higher factor loadings before proceeding with the structural elements of the complete model. 
Indeed the fit indices for the measurement models suggest that removal of certain poor-
performing survey items would improve overall model fit.  However, the lack of additional 
survey variables means here that removal of even these low-performing items would result in 
under-identified models, which would preclude further analysis in an SEM framework. Although 
many of the measures of model fit are below desirable levels, the resulting path coefficients and 
mediation analysis still provide important insight into a wide array of behaviors that have not 
been analyzed holistically in previous efforts.  
Before moving on to the results of the structural models, I present bivariate correlations 
for each of the five latent constructs. As Table 3.4 illustrates, energy concern appears to have a 
direct relationship with each of the remaining four constructs except for energy consumption 
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behavior, which demonstrates a somewhat weak correlation of -0.4. This is not as low as similar 
measures produced in previous studies (Bamberg, 2003) but still provides some evidence of a 
lack of direct influence of energy concern on behavior.  
 
Table 3.4. Bivariate Correlations of Latent Constructs (N = 5109) 
Latent Construct (1) (2) (3) (4) (5) 
1. Concern about energy 
future 
1.00     
2. Personal norms 0.65 1.00    
3. Social norms 0.68 0.59 1.00   
4. Energy consumption 
behavior 
-0.40 -0.72 -0.65 1.00  
5. Support for energy 
conservation activities 
0.64 0.59 0.59 -.59 1.00 
 
 
Structural Relationships 
 Direct Effects of Demographic Variables 
 Two primary structural models examined the causal pathways between the attitudinal and 
behavioral variables. Statistical fit indices were computed after running the measurement and 
structural models simultaneously for each of the two behavioral outcomes. Overall fit for the 
consumption behavior model yielded a chi-squared value of 8933.36, RMSEA=0.087, CFI= 
0.68, and TLI= 0.73. The conservation support model produced a chi-squared value of 6848.39, 
RMSEA=0.122, CFI= 0.765, and TLI= 0.709. Again, the relatively poor model fit was 
unsurprising given the fact that the survey questions were not designed with a specific theoretical 
approach in mind.  
 Income was negatively related to personal and social norms related to energy use, though 
the relationships are weak as demonstrated by the standardized path coefficients (β=-0.092, 
p<.01 and β = -.14, p<.01). Unsurprisingly, income was positively related to energy consumption 
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behavior (β= 0.20, p<.01). Education showed no significant relationship to any of the variables 
in the structural model except for a very weak negative effect on personal energy conservation 
norms (β= -0.04, p<.01). Older respondents demonstrate slightly higher levels of personal energy 
norms (β= 0.05, p<.01) and slightly lower levels of social energy norms (β= -0.03, p<.01), a 
result that suggests higher levels of personal responsibility and lower levels of ascription of 
responsibility to others among older consumers. Age is also negatively related to energy 
consumption (β= -0.12, p<.01). Household size had no significant effect on energy conservation 
norms, but was positively related to the energy consumption variables, another unsurprising 
result (β= 0.11, p<.01).  
 Direct Effects of Key Behavioral Antecedents 
 Table 3.5 presents the SEM results for both behavioral models (consumption behaviors 
and support for conservation actions), including standardized path coefficients and p-values for 
the attitudinal variables. As the table reports, energy concern had strong positive effects on both 
personal (β= 0.60, p<.01) and social (β= 0.73, p<.01) energy-related norms. These results 
provide convincing support for hypotheses H1 and H2 listed previously. Support for pro-
environmental energy behaviors showed a very strong positive relationship with social norms 
related to energy conservation (β= 0.98, p<.01), confirming hypothesis H4. Similar confirmation 
of H3 could not be found because the path coefficient for the effect of personal norms on support 
for conservation behavior was not statistically significant. Energy consumption behavior was 
strongly negatively related to personal conservation norms (β= -0.52, p<.01) and weakly 
negatively related to social conservation norms (β= -0.13, p<.01), offering support for 
hypotheses H3b and H4b. Figures 3.2 and 3.3 present the structural and measurement models for 
energy consumption behavior and support for conservation, respectively. They illustrate the 
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hypothesized relationships among the independent, mediating, and dependent variables and 
report standardized path coefficients and factor scores for both models.  
 
Table 3.5. Results of the Structural Models 
Paths Standardized path coefficients  
Energy concern à  Personal energy norms (H1) 0.60*** 
 
Energy concern à  Social energy norms (H2) 
0.73*** 
Personal energy norms à  Consumption behavior 
(H3b) 
-0.52*** 
Personal energy norms à  Conservation support (H3) -0.013 
Social energy norms à  Consumption behavior (H4b) -0.13*** 
Social energy norms à  Conservation support (H4) 0.98*** 
 
Energy concern à  Consumption behavior (H7b) 
 
0.04 
 
Energy concern à  Conservation support (H7) 
 
-0.08*** 
  
*** p<0.01 
 
 
 
 
 
 
Figure 3.2. Structural model for energy consumption behavior. 
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Figure 3.3. Structural model of support for conservation. 
 
 
Mediation Effects 
Moving now to hypotheses H5–H7, I report mediation effects for the two energy-related 
norm constructs as suggested by the VBN and TPB. Table 3.6 displays the mediation effects of 
personal and social norms on each of the two behavioral constructs. The indirect effects of 
energy concern on energy consumption behavior through personal and social energy 
conservation norms were both negative and significant, as the table shows. Results differ for the 
model of support for conservation behavior. The indirect effect of concern on support is positive 
and significant for the social norms mediator, but not for personal norms. The results therefore 
provide support for H5b, H6a, and H6b but not for H5a.  
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Table 3.6. Mediation Results—Indirect Effects of Energy Concern on Behavior 
Exogenous latent 
variable (X) 
Mediator (M) Endogenous 
Variable (Y) 
Path 
coefficient 
XàM 
Path 
coefficient 
MàY 
Indirect 
effect of X 
on Y 
through M 
 
Consumption behavior 
 
  
Concern about 
energy future 
Personal 
conservation 
norms 
Energy 
consumption 
.60*** -.52*** -.31*** 
Concern about 
energy future 
Social 
conservation 
norms 
Energy 
consumption 
.73*** -.13*** -.10*** 
 
Support for conservation measures 
 
Concern about 
energy future 
Personal 
conservation 
norms 
Support for 
energy 
conservation 
.69*** -.012 .01 
Concern about 
energy future 
Social 
conservation 
norms 
Support for 
energy 
conservation 
.67*** .98*** .66*** 
  *p<.05, **p<.01, ***p<.001 
 
 
Accurate determination of mediation effects requires examination of possible direct effects of 
energy concern on the two behavioral constructs while controlling for personal and social norms. 
Results show no significant relationship between energy concern and consumption behavior after 
controlling for the mediating variables, meaning that energy norms fully mediate the relationship 
between concern and consumption. The same is not true for support for conservation actions. 
Although controlling for norms attenuates the energy concern coefficient, it is still significant, 
illustrating partial mediation between concern and support. These results provide support for 
hypothesis H7 but not H7b because it illustrates a direct effect of concern on the expression of 
support for conservation actions but not on energy consumption behavior.  
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Table 3.7. Summary of Hypotheses 
Hypothesis Verified?  
H1: Beliefs/concern about the future of energy are positively related to personal 
norms about energy use 
Yes 
H2: Beliefs/concern about the future of energy are positively related to social 
norms about energy use 
Yes 
H3: Personal norms about energy use are positively related to support for pro-
environmental energy behaviors 
No 
H3b: Personal norms about energy use are negatively related to energy 
consumption behaviors 
Yes 
H4: Social norms about energy use are positively related to support for pro-
environmental energy behaviors 
Yes 
H4b: Social norms about energy use are negatively related to energy 
consumption behaviors  
Yes 
H5: Personal norms mediate the relationship between energy future 
beliefs/concerns and support for pro-environmental energy behavior 
No 
H5b: Personal norms mediate the relationship between energy future 
beliefs/concerns and energy consumption behavior 
Yes 
H6: Social norms mediate the relationship between energy future 
beliefs/concerns and support for pro-environmental energy behavior  
Yes 
H6b: Social norms mediate the relationship between energy future 
beliefs/concerns and energy consumption behavior 
Yes 
H7: Beliefs/concern about the future of energy are directly related to support for 
pro-environmental energy behaviors 
Yes 
H7b: Beliefs/concern about the future of energy are directly related to energy 
consumption behavior 
No 
 
 
The differences in results between the two models illustrate the importance of specifying 
behaviors when using theory to explain their underlying attitudinal causes. Although there is 
evidence against any direct effect of environmental concern on behavior, the present analysis 
suggests that this result may depend on how we define that behavior. Further, the difference in 
mediation between personal and social norms under H5 illustrates the difficulty of 
conceptualizing and measuring norms consistently in analyses of environmental behavior. 
Although personal norms mediate the effect of concern on consumption behavior, it does not 
appear to do so when behavior is defined in terms of expression of support for conservation 
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measures. Table 3.7 summarizes the results of the SEM models for each of the seven hypotheses, 
indicating whether each was confirmed or rejected for both of the behavioral constructs.  
Discussion and Policy Significance 
The persistence of environmental attitude-behavior gaps presents challenges for both 
policy and theory. Exploring the connections between environmental attitudes, norms, and 
behaviors allows for confirmation of existing theory that seeks to develop causal and process-
oriented understandings of the ways in which these internal forces shape household energy 
consumption and conservation activities. Identifying, measuring, and influencing internal 
behavioral antecedents at the household level is critical for guiding efforts to inform effective 
environmental decision making in an era of rapid social and environmental change. Such efforts 
help extend energy policy research into the realm of non-price signals and internal sources of 
motivation as sources of variation in energy behavior.  
The SEM analysis presented has demonstrated empirical connections between key 
behavioral antecedents suggested in the literature and in theories of pro-environmental behavior. 
Its primary objective has been to strengthen our current understanding of these antecedents by 
quantifying their relationships to each other and to an array specific behavioral intentions and 
outcomes. Results of the CFA and subsequent estimation of path coefficients through SEM have 
both theoretical and policy significance. The residential electricity customer survey provided 
many attitudinal items, along with several behavioral, demographic, and social questions. These 
survey items provide a rich bank of data, which I have organized on the basis of several 
antecedent categories that have emerged in the literature as precursors of behavior. Researchers 
are better equipped to make judgments about survey design and proper applications of theory 
when they have evidence of linkages among these categories that cohere with existing theories of 
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environmental behavior. Policy makers also need to know which of these antecedents have the 
greatest impacts on environmental behavior so they can target initiatives effectively among 
diverse groups of consumers.  
Results of CFA measurement models attest to the difficulty of aligning attitudinal survey 
responses with the constructs suggested by existing theories of environmental behavior. 
Although some items in this analysis did a good job of representing energy concern, norms, and 
behavioral constructs, others did not. Low factor-loadings for some of the consumption variables 
as well as some of the measures of conservation support have negative implications for overall 
model fit. However, these results also provide guidance in the construction of survey items for 
future efforts to measure and explain energy-related behaviors. Items gauging opinions about the 
necessity of renewable energy did a much better job of measuring the energy concern construct 
than did questions about the cost and supply of energy. This difference is evident in the gap in 
factor loadings across those two sets of items and implies the need for additional latent 
constructs to accurately measure energy concern in subsequent studies. There also appear to be 
important differences among items representing the “support for conservation activity” factor. 
Although questions concerning utility-sponsored conservation actions represented the “support” 
construct fairly well, items reflecting interest in renewable energy and plug-in hybrid vehicles 
performed more poorly. Again, this points to an opportunity for the development of separate 
constructs to measure conservation support in future behavioral studies of this sort.  
The majority of the demographic variables produced results consistent with previous 
literature. One exception is education, which showed no significant relationship to energy 
behavior or energy-related norms despite evidence to the contrary in previous work (Mills & 
Schleich, 2012; Murray & Mills, 2011). Energy consumption activity was found to increase with 
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income and household size, both results that corroborate previous findings (Moll et al., 2005; 
Vringer & Blok, 1995). Age was negatively related to energy consumption, which is in line with 
Lutzenhiser’s (2002) finding that the likelihood of adopting energy efficient technologies 
declines with age. Older respondents also appear more likely to emphasize personal rather than 
social senses of responsibility for energy conservation and related environmental impacts, a 
result with useful implications for policy and energy program marketing. Efforts to promote 
conservation that invoke a sense of commitment on behalf of key communities and reference 
groups may be better suited to younger consumers. These individuals may also require more 
assurance that their actions will be reciprocated or met with concurrent behavior patterns among 
those around them.  
With just two exceptions, results of the structural models support the key hypotheses 
stated at the outset. Energy concern showed strong positive relationships to both personal and 
social energy conservation norms, which is not surprising given that these constructs are directly 
adjacent to one another in the causal pathways implied by the VBN and TPB. Personal and social 
norms influenced energy consumption behavior in the expected direction, but the same was not 
true for the expression of support for conservation measures—personal norms produced no effect 
on that variable. Social norms appear to play a significant mediating role in the relationship 
between energy concern and both types of behavior in this analysis. Personal norms mediate the 
effect of energy concern on consumption but not on support for conservation measures.  
Consistent with previous findings, the study also shows no direct relationship between 
energy concern and consumption behavior after controlling for mediating variables (Bamberg, 
2003a; Chen & Knight, 2014). The same result does not hold for expressed support for 
conservation measures, which demonstrated a direct connection to energy concern. This result 
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affirms the importance of differentiating among various types of behavior in testing theory-
driven hypotheses about the influence of psychological variables. The difference between the 
effects of energy concern on the “support” variable versus on actual consumption aligns with 
previous findings that intent-oriented behaviors are more susceptible to attitudinal influences 
than are impact-oriented ones (Gatersleben et al., 2002; Poortinga et al., 2004).  
The goal of this study was to advance empirical inquiry into the mediating influences of 
attitudinal constructs hypothesized by key theories of environmental behavior. It has built on 
existing research by examining a more specific form of energy concern, namely beliefs about the 
future of energy markets. Further, it has employed a rich array of behavioral variables, including 
objective measures of energy behavior, and compared the effects of the antecedents between two 
behavioral constructs, each with its own precedent in current literature. Results suggest that a 
stronger emphasis on personal and social conservation norms is likely to improve efforts to 
promote energy conservation at the household level. The effects of norms as well as energy 
concern differ between the two types of behavior, actual consumption and conservation activities 
versus the expression of support for energy-saving measures 
As several scholars have noted, it is critical that energy policy address the diversity, 
inherent and largely obscure, across the population with differing behavioral patterns, social 
structural constraints, norms, values, and beliefs (Leiserowitz, Maibach, Roser-Renouf, & Smith, 
2011; Ehrhardt-Martinez, 2008). Voluntary behavioral initiatives to promote energy conservation 
often fail to reach these diverse groups. This is partly the result of a failure of researchers and 
administrators to understand the social and psychological variables that empower consumers to 
make more effective and sustainable energy choices. For instance, subsidies for energy 
efficiency and conservation may fail to reach consumers who are unaware of the potential 
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savings of such investments or who forgo such savings on the basis of environmental beliefs and 
other attitudinal influences that are difficult to measure using econometric tools and even survey-
based approaches (comfort, familiarity, certainty). Can policy reach these consumers simply by 
lowering the costs of behavior change? If so, how do perceptions and calculations of these costs 
vary across groups facing very different structural and psychological impediments to change? 
Critical to addressing these knowledge gaps is the identification of the structural and 
psychosocial conditions that mediate the connections between psychological variables and pro-
environmental behavior. This study has contributed to this objective by employing a holistic 
model of environmental behavior, testing for mediating influences of energy-related social and 
personal norms on multiple measures of behavior. Further research can respond to the limitations 
and additional questions raised in this paper by matching more detailed attitudinal survey designs 
with a careful differentiation among distinct types of energy behavior.  
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CHAPTER 4: CHARACTERIZING HOUSEHOLD PARTICIPANTS IN UTILITY-
SPONSORED ENERGY CONSERVATION PROGRAMS: ARE HEAVY USERS OF 
ELECTRICITY MORE LIKELY TO ENROLL? 
Introduction 
Why is it that some consumers engage in energy-saving behaviors while others do not? 
The question is as important for policy analysts as it is for those in the behavioral sciences. 
Participation in voluntary, utility-sponsored conservation programs, for instance, represents a 
valuable resource for administrators who seek to address environmental externalities when taxes 
and regulations are out of the question. Determining how best to design and market successful 
conservation programs requires that policymakers confront the reality that participation in such 
programs frequently entails highly concentrated private costs in exchange for imperceptible 
public gain. The environmental and social benefits of such programs amount to public goods. 
Therefore, unless the costs of such programs are offset with private benefits, they will be 
provided below socially optimal levels in the absence of mandates and regulatory instruments 
designed to enforce participation. 
Pro-environmental energy behaviors take many different forms, from the purchase of 
green products and energy-efficient appliances to personal changes in daily living and travel 
habits, to contributions to environmental organizations, charities, and programs focused around 
energy conservations and emissions reduction. It is useful here to distinguish between two broad 
categories of pro-environmental energy saving behavior: those by which the consumer receives 
some private payback, either in the form of private energy savings or some other type of return 
on investment, and those that are altruistic, or do not produce any obvious private economic 
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benefit. This paper examines participation in voluntary energy-saving programs, focusing 
exclusively on those that may save the consumer some money through increased energy 
efficiency, time-of-use (TOU) purchasing options, and bill credits to compensate for electric 
service interruptions. These programs also carry public benefits20 in the form of decreased 
carbon emissions and a more stable supply of energy. Its primary objectives are to clarify the 
differences between consumers who opt in to these different types of programs and those who do 
not.  
Although each type of program constitutes some form of voluntary provision of an 
environmental public good, this is not purely the case for those programs that offer electricity 
savings as the result of service interruptions or selective use as the result of time-specific price 
signals. Unlike participants in green electricity programs, these consumers may or may not be 
acting on a charitable basis, though it is reasonable to believe that they might be if they view 
such decisions as investments in community stability, global sustainability, or general 
environmental quality. Existing policy research has uncovered a positive relationship between 
electricity consumption and the decision to participate in green electricity programs (Jacobsen, 
Kotchen, & Vandenbergh, 2012). If these households are opting in to such programs to relieve 
guilt or to compensate for already high emissions, then we might ask whether participants in 
other sorts of voluntary energy saving programs are doing the same. Many types of utility-
sponsored voluntary programs do not carry the same pro-environmental and charitable 
connotations as those in which consumers are asked to pay premiums for green electricity. If 
                                                            
20 To be sure, the programs are typically designed to provide benefits to the sponsoring utility as well. These benefits 
come in the form of a more efficient use of existing generation capacity and related system stability improvements. The 
extent of public benefits, beyond just those to the utility, will undoubtedly vary in each case pending arrangements with 
regulatory bodies that authorize utility behavior. It is well beyond the purpose of this study to determine the regulatory 
conditions that assure significant public benefits, but it is worth noting that the outcomes of DSM programs are highly 
contingent on the policy environments in which they are developed. See Carley (2012) for an empirical demonstration of 
the impact of government involvement in DSM management on energy savings.  
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households opt into energy efficiency and curtailment programs for personal financial gain, then 
we might expect those households with high demand for energy to behave differently when the 
program’s financial benefits are directly related to the level of consumption. Similarly, 
consumers with high levels of environmental concern may be more inclined to participate in 
energy-saving programs as their own consumption levels rise.  
This paper examines whether such a usage effect is present among households with the 
option of participating in voluntary conservation programs. It advances current literature on 
voluntary energy-saving programs in three ways. First, it incorporates data at the level of 
individual households where similar studies have tended to rely on aggregate statistics at the 
county and utility levels. Second, it examines the ways in which several household 
characteristics determine demand for utility-sponsored conservation services, including energy 
efficiency audits, direct load control, and TOU pricing arrangements. Third, it compares the 
impacts of these household drivers across the three programs to determine whether the effects of 
consumption and other demographic variables vary depending on program structure.  
Program evaluation literature has focused primarily on measuring the outcomes of 
demand-side management (DSM) strategies and other programs designed to curb electricity 
consumption and related environmental impacts. There are far fewer studies that address the 
questions of who decides to participate in such programs and what are the characteristics of 
households that find them attractive. The following analysis drives at some answers to these 
questions. It exploits micro-level residential electricity consumption data that is linked to 
detailed records on DSM program participation as well as several useful demographic and 
psychometric measures. I add to these data county-level statistics on electoral outcomes to 
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explore the relationship between political ideology and the likelihood of participation in utility-
sponsored energy-saving programs.  
The empirical analysis is based on a theory of household electricity consumption in 
which a consumer maximizes utility based on energy use as a function of participation or non-
participation in energy-saving programs with various attributes. This model allows for testing of 
the hypothesis that consumers are more likely to opt in to DSM programs as their electricity 
consumption rises for one or both of two reasons: a) the direct private financial benefits 
outweigh the costs of enrollment, and b) program enrollment counteracts the disutility of guilt 
caused by the customer’s knowledge of the environmental damages associated with high levels 
of electricity consumption.  
 Discrete choice models reveal that usage drives participation in TOU pricing 
arrangements but not in direct load control or utility-provided energy efficiency audits. Housing 
characteristics such as size determine participation in some programs but not others. Larger 
homes are more likely to participate in TOU pricing but not in the other program types. Contrary 
to previous findings, income and education have no effect on participation in any of the three 
programs after controlling for other structural and demographic characteristics. Also, somewhat 
surprisingly, households with positive impressions of their utilities appear to be no more likely to 
participate in utility-sponsored program offerings. Participation is increasing in home ownership, 
tenure, and age of housing structure for the load control and TOU programs but not for energy 
efficiency audits. Liberal political ideology seems to play a minimal role in the participation 
decision, with a very small, though still somewhat counterintuitive, negative effect on 
participation in the energy efficiency audit program only.  
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 Having introduced the paper and previewed its key findings, I proceed with a review of 
relevant literature to clarify its contributions to the current state of inquiry on DSM program 
evaluation and household environmental behavior. The Conceptual Framework section has a 
detailed explanation of the conceptual model of program participation. The next two sections 
describe the data collection and preparation processes and provide details on program structure 
for each of the three utility-based offerings. The following two sections explain the empirical 
procedures and report the results of the discrete choice models. And the last section concludes 
and discusses policy implications.  
Literature Review 
This project draws on two distinct literatures that each focus on environmental behavior. 
The first studies the voluntary private provision of environmental public goods while the second 
examines the determinants of participation in DSM programs that confer both public and private 
benefits. Economics and environmental behavior literatures are replete with studies of the drivers 
of pro-environmental behavior, including recycling (Guagnano, Stern, & Dietz, 1995), 
environmental activism (Stern, Dietz, Abel, Guagnano, & Kalof, 1999), the purchase of green 
products (Pickett-Baker & Ozaki, 2008), and, over the past decade, of participation in utility-
sponsored green electricity or renewable energy programs (Clark, Kotchen, & Moore, 2003; 
Kotchen & Moore, 2007; Ozaki, 2011; Jacobsen et al., 2012; Conte & Jacobsen, 2014). 
Voluntary environmental programs have proliferated in response to increased awareness of 
environmental damages and their origins in human environmental behavior, particularly the use 
of fossil energy sources for transportation, heating, and electricity. These programs are attractive 
to regulators and policy makers because they present a relatively flexible alternative to the 
traditional and often politically controversial methods of mandatory requirements and pollution 
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controls. Indeed, over 100 of these voluntary programs are available through the EPA alone 
(Borck & Coglianese, 2009).  
 Much empirical evaluation of the determinants of participation in such programs, and 
pro-environmental behavior more generally, has focused on values, beliefs, and norms that 
reflect a sense of altruism or commitment to the protection of the natural environment and its 
inhabitants (Oskamp et al., 1991; Stern, Kalof, Dietz, & Guagnano, 1995). However, this holistic 
behavioral approach has yet to see significant application to the decisions of households to 
participate in DSM programs. This is somewhat surprising given that DSMs represent what is 
perhaps one of the most widespread mechanisms to induce voluntary energy conservation since 
the energy crises of the 1970s. Economics has dominated scholarship on the drivers and results 
of participation in these programs, basing behavioral assumptions on fundamental economic 
principles of utility maximization, discounting, and elasticity of demand (Hartman & Doane, 
1986; Leonard & Decker, 2012). As veteran scholars have emphasized, however, filling the gaps 
in our knowledge about what drives environmental behavior requires an integration of the more 
eclectic approaches of the behavioral and social sciences with the precision and theoretical 
elegance of economics and engineering models (Dietz, Stern, & Weber, 2013; Stern, 1986). Only 
recently have economists begun to incorporate altruistic and egoistic cognitive orientations into 
their models of participation in green electricity programs using both survey approaches 
(Kotchen & Moore, 2007; Spence, Demski, Butler, Parkhill, & Pidgeon, 2015), and observed 
behavior (Jacobsen et al., 2012; Conte & Jacobsen, 2014). The present study employs both types 
of data in an effort to extend these lines of inquiry further by examining the role of cognitive and 
socio-economic conditions in shaping DSM program enrollment decisions.  
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 Scholars have associated numerous products with the provision of environmental public 
goods, including carbon offsets, organic foods, and energy efficient homes, appliances, and 
vehicles (Kotchen, 2006). Utility-sponsored DSM programs offer an additional example of an 
environmental public good that is “impure” in the sense that it confers both public and private 
benefits. With these considerations in mind, the primary contributions of this paper to the 
literature are two-fold. First, it incorporates multiple DSM programs into a framework for the 
voluntary provision of impure environmental public goods. Second, it enriches our 
understanding of the characteristics of program participants using both survey responses and 
observed micro data provided by a major U.S. electricity utility.  
 Motivation for this work stems in part from a relative lack of research into residential 
DSM participation as a means of voluntary environmental public good provision. Despite this 
apparent deficit, the potential impacts of DSMs, and energy efficiency policies more generally, 
are well established. Over 20% of U.S. greenhouse gas emissions are due to residential energy 
use (Energy Information Administration (EIA), 2015), and DSMs represent a substantial 
opportunity for policy efforts to mitigate climate change. A comprehensive review of energy 
efficiency policies in the United States found that measures to induce conservation were 
responsible for up to 4% of total energy emissions in 2000, most of which was the result of 
utility-sponsored DSMs and appliance standards (Gillingham, Newell, & Palmer, 2006). The 
expansion of these programs followed from the economic consequences of the 1970s energy 
crises and, from related regulatory requirements in an era of utility deregulation, increased 
competition and heightened environmental concern (Berry, 1993; Hartman & Doane, 1986). The 
National Energy Conservation Policy Act (NECPA) of 1978 required utilities to offer a variety 
of Residential Conservation Service (RCS) programs as alternatives to simply increasing 
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generation capacity to meet demand. Further, environmental standards such as the 1990 Clean 
Air Act Amendments encourage DSM strategies, specifically, as key aspects of compliance with 
environmental requirements (Nadel, 1992). A recent report by the American Council for an 
Energy-Efficient Economy (ACEEE) documents a substantial escalation in public spending on 
DSM since the mid-2000s (York, Witte, Nowak, & Kushler, 2012). In addition, utilities have 
continued to increase DSM spending. Table 4.1 illustrates this trend, showing nearly 300% 
growth in utility spending on load management alone between 2003 and 2012.  
 
Table 4.1. Utility Spending on Demand-Side Management Programs (2012 U.S. Thousands $) 
Year Energy 
Efficiency 
Load Management Total DSM 
spending 
2003 1,007,232 439,289 1,446,521 
2004 1,115,278 624,830 1,740,108 
2005 1,400,015 737,955 2,137,970 
2006 1,457,009 761,391 2,218,400 
2007 1,876,465 783,212 2,659,677 
2008 2,296,573 898,621 3,195,194 
2009 2,384,677 1,013,629 3,398,306 
2010 3,037,788 1,095,558 4,133,346 
2011 4,121,248 1,249,039 5,370,287 
2012 4,397,635 1,270,391 5,668,026 
* Source: Energy Information Administration 2013 (Energy Information Administration (EIA), 2013) 
 
 
DSM has come to represent a fairly broad array of products and strategies designed to 
encourage conservation and optimize demand. The eclectic nature of the DSM concept may 
partially explain its relative lack of attention in dominant schools of environmental behavior 
research, which tend to focus directly on specific consumption activities or on green electricity 
and carbon offset programs. Initially, DSM referred to policies designed to help utilities align 
customer energy demand with generating capacity (Gellings, 1996). The Energy Policy and 
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Conservation Act of 1975 and the National Energy Conservation Policy Act of 1978 encouraged 
the development of these programs while also promoting the inclusion of conservation and 
energy efficiency initiatives (EIA, 1998). Accordingly, the definition of DSM expanded to 
include audits, loans, and other conservation-oriented utility program offerings (Chamberlin & 
Herman, 1996). Although much of the spending on DSM since the 1980s has emphasized direct 
load control primarily for commercial and industrial customers, the spread of smart grid 
technology has induced more of a shift toward residential consumers and toward dynamic 
pricing strategies in addition to peak load clipping (Granade et al., 2009). Among these pricing 
strategies, TOU tariffs are the most widespread, representing 1.1 million customers in 2011 
(Kassakian et al., 2011). Although there exists an abundance of scholarly literature since NECPA 
in 1978 evaluating the outcomes and effectiveness of residential conservation programs, there is 
less available on the drivers of participation in such programs.  
Regarding DSM initiatives in particular, a wealth of literature examines the outcomes of 
these strategies once they are in place and several studies have begun to reveal the drivers’ 
effectiveness in terms of program and participant attributes. One recent study found that pre-
enrollment variability in electricity demand was strongly positively related to the response to 
critical peak pricing (CPP) programs among those already enrolled (Jang, Eom, Park, & Rho, 
2016). Regarding the effects of electricity consumption on program outcomes, recent research 
has demonstrated that the highest benefits of TOU and related tariff programs consistently accrue 
to those in the highest usage categories and that the ratio of peak to off-peak expenses is 
positively related to the size of response to the program (Faruqui & Palmer, 2011). Others have 
found that high-use customers were much more responsive to CPP events than comparable low-
use households (Herter, 2007; Herter & Wayland, 2010). Evidence is mixed regarding the 
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impacts of usage and other household characteristics on DSM program effectiveness. One 
randomized field study found that the benefits of a real-time pricing program increased with 
income, household size, and pre-program usage (Allcott, 2011). However, other studies fail to 
identify additional effects of past usage and household characteristics on the effects of home 
energy audits and rebates on appliance upgrades (Alberini & Towe, 2015).  
Conte and Jacobsen (2014) examined consumer- and utility-level features that shape the 
outcomes of voluntary green energy programs. They found that higher levels of education, 
income, and liberalism are all associated with higher rates of participation in green electricity 
programs and each variable increases the probability that a utility provides such a program. Their 
analysis also revealed that higher levels of electric consumption among a utility’s customers 
increased the likelihood that the utility would offer green energy programs but that usage had no 
effect on participation rates. Additional literature has examined the participation decision from 
the perspectives of commercial and industrial consumers. Leonard and Decker (2012) found that 
electricity costs were a key influence on firms’ decisions to participate in energy demand 
management programs. Another firm-level study found that higher levels of participation in 
VEP’s were associated with the drive to obtain publicity and with historically poor histories of 
environmental performance (Videras & Alberini, 2000). Other approaches have focused on state 
and utility-level participation (Loughran & Kulick, 2004), with one recent exemplary study 
finding that state-sponsored incentives increased the likelihood of utility participation in DSM 
and EE programs (Carley, 2012). The same study also identified statistically significant effects 
of several additional utility- and state-level characteristics on participation propensity with 
prominent examples including positive effects of both the number of college-educated state 
citizens and the extent of liberal citizen ideology.  
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Even at the firm and industry levels, research on DSM effectiveness has tended toward 
evaluation of the behavioral outcomes of energy efficiency programs (Sullivan, 2009a, 2009b). 
Hartman and Doane (1986) caution that an understanding of the extent to which conservation 
programs reduce electricity consumption is insufficient for complete program evaluation. Their 
analysis of decisions to partake in utility-sponsored weatherization, loan, and audit programs 
established the use of probabilistic choice models to analyze program participation as a function 
of several household characteristics (Hartman & Doane, 1986). Such studies often rely on 
experimental approaches to determine whether the resulting behavior change is actually the 
result of the program or policy in question. Alberini and colleagues (2013) found that additional 
tax credits increased uptake of energy efficiency upgrades for some appliances but not others. 
With regard to heating system renovations, for instance, their work showed that the bulk of 
participants would have upgraded in the absence of the subsidy, providing evidence of the well 
documented free rider problem in energy efficiency and DSM program literature (Alberini, 
Bigano, & Boeri, 2013; Alberini, Gans, & Towe, 2013).21  
Still, there are comparatively few studies on the specific household characteristics that 
determine participation, and those that do exist tend to lack specificity regarding the structure of 
the programs in question. One recent study found that age, education, home ownership, and 
household size were all positively related to participation in energy efficiency programs but 
stopped short of testing whether those effects hold across differing program attributes (Kelsven, 
2013). Such findings are nonetheless useful in that they confirm earlier results that established 
                                                            
21 Early meta-analysis of DSM program participation estimated that free riders constitute up to 50% of enrollment 
(Joskow & Marron, 1992) while some studies place that figure as high as 89% (Malm, 1996). Although free riding is a 
consideration in understanding the make-up of DSM participants, it is not the focus of the present study. My omission 
of empirical examinations of potential free-ridership reflects this paper’s separate theoretical focus on the broad 
household determinants of program enrollment as well as the econometric limitations inherent in my data, which capture 
survey and metering data for a single time period only. Quasi-experimental designs may afford the precision necessary to 
pin down free rider effects but such studies are often too narrowly focused to provide an adequate understanding of the 
characteristics of households that lead to participation (Boomhower & Davis, 2014) .  
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positive effects of income, age, education, ownership, and rising energy prices on the decision to 
partake in subsidized home energy efficiency audits and loans for energy-saving appliances 
(Tonn & Berry, 1986; Berry, 1993). A more recent study employed a quasi-experimental 
research design to demonstrate that increased subsidies led to higher levels of participation in 
large-scale residential energy efficiency programs (Boomhower & Davis, 2014). Regarding the 
effect of electricity usage on participation, one study found a negative relationship between 
consumption and conservation behaviors more generally (Sardianou, 2007). Although this study 
included load-shifting behavior as a dependent variable, it did not examine enrollment in utility-
sponsored conservation programs. In contrast, studies of the effectiveness of CPP programs 
(Herter, 2007) and examinations of the relationship between usage and green energy program 
enrollment (Jacobsen et al., 2012) both demonstrate a positive link between consumption and 
participation.  
An entire school of environmental behavior literature has blossomed in response to Paul 
Stern’s description of the limitations of economic theory in analyzing energy use (Abrahamse & 
Steg, 2011; Dietz, 2015; Attari, DeKay, Davidson, & de Bruin, 2010). Stern (1986) cites 
consumer trust, convenience, and commitment in relationships with energy providers as key non-
economic determinants of program participation. Additional empirical work illustrates a 
relationship between political orientation and energy conservation behavior, with one study 
demonstrating a negative relationship between political liberalism and household consumption of 
conventional electricity (Costa & Kahn, 2013). These findings suggest both empirical and 
theoretical bases for examining DSM program participation as a function of electricity 
consumption and its attendant cognitive implications. It also reveals a basis for testing the 
hypothesis that participation in different DSM programs will be positively related to both liberal 
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political ideology and consumer approval of the utility providing the program. I incorporate these 
considerations into a theoretical framework, which I describe in the next section.  
Conceptual Framework 
Heavy users of electricity may be more likely to opt in to energy-saving programs for two 
main reasons. Because program participation in both the load control and TOU cases includes 
some form of financial incentive, we can assume that a consumer derives utility from the 
benefits, financial and otherwise, conferred on the basis of program participation. Households 
will also maximize utility based on the costs these programs impose in the form of discomfort 
and uncertainty resulting from service disruptions. The nature and magnitude of these costs will 
depend on the specific structure of each program.  
A second source of theoretical motivation is derived from moral psychology. The concept 
of “moral licensing” refers to the use of virtuous behaviors to justify subsequent unethical ones. 
This theory centers on the idea that individuals prefer to have positive moral images of 
themselves and that altruistic measures, such as energy conservation strategies, may satisfy the 
need to be seen as virtuous when that moral self-image is tarnished by the knowledge of one’s 
own unethical behavior. A corollary of this theory, then, is that individuals are most likely to 
ignore the moral implications of their behavior right after they have assuaged their guilt by 
elevating their moral self-images through a recent altruistic act.  
Social scientists have found evidence for this theory in other domains of ethical behavior. 
For instance, exposing humanitarian donors to reminders about their efforts and ethical traits 
reduced subsequent donations (Mazar & Zhong, 2010). Environmental economists have tested 
this theory by building moral licensing into a utility maximization framework. Jacobsen et al. 
(2012) found evidence of disutility associated with guilt in profligate energy consumers, making 
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them more likely to opt in to green energy programs and more likely to consume even more 
energy after making the decision to participate.  
Given these considerations, I proceed with a simple model of utility maximization in 
which a consumer participates in an energy-saving program if the expected benefits of 
participation exceed the expected costs. For each of the three programs covered, benefits include 
lower expenditures on electricity22 as well as any satisfaction or comfort derived from the 
knowledge of environmental and social improvements that result from participation. The costs of 
program involvement depend on the specific structural elements of each of the programs in 
question. Details about each of the three programs in this study appear in this paper’s appendix 
and give a more nuanced understanding of these costs and how they vary across the three DSM 
types. The online energy audit program, for instance, is provided free of charge, costing only the 
time and inconvenience associated with completing the survey and reading the results. For load 
control, the costs are more substantial, involving discomfort, inconvenience, and uncertainty 
related to service interruptions for key appliances. The TOU program involves less uncertainty 
because prices shift during the same periods each day but discomfort, inconvenience, or 
increased expenditures could arise if peak periods coincide with usage needs.  
Following standard models of residential energy demand, I conceptualize households as 
utility maximizing agents (Hartman & Doane, 1986). As such they derive utility from 
consumption of services provided by energy-consuming durables and the fuel used to power 
them (represented by X), as well as all other goods (defined as the level of household income, M, 
after the purchase of energy services, defined as rp – PfF), and any exogenous factors affecting 
                                                            
22 There is reason to expect the magnitude of these benefits to be insubstantial given that electricity typically accounts 
for about 2% to 3% of total household expenditures (Kassakian et al., 2011). From a theoretical perspective, this implies 
that any positive effect of usage on participation is at least partially the result of additional motivation related to 
consumption such as the desire to relieve guilt or to be altruistic.  
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consumption, Z. Finally, the utility function for households is also partially determined by any 
attributes, a, of a DSM program. Thus,  
U = U (X, M – rp – Pf F, Z, a) (1) 
 
Where M is household income; p is the capital cost of energy-using durables; r is the discount 
factor; Pf is the unit cost of the fuel used to provide services, X; and F is the quantity of fuel used 
to provide those services. Again, following Hartman and Doane (1986), I take an appliance’s 
energy efficiency level (e) to be the level of services provided per unit of energy input (e = X/F). 
Hence, we can define operating costs as Pf F = Pf X/e = (Pf/e)X, yielding the following revised 
utility function: 
U = U (X, M – rp – (Pf /e)X, Z, a)  (2) 
 
A household thus maximizes utility conditional on income (M), appliance characteristics, 
prices, and exogenous factors such as weather and service outages (Z). The presence of a can 
affect the utility-maximizing behavior of households in a number of ways. It can alter the relative 
cost of fuel and capital (Pf and rp), say by charging variable rates that lower the average cost of 
electricity used to power appliances as seen with the TOU program. It can also provide new 
information to consumers, increasing their awareness of new opportunities to increase energy 
efficiency, e. Or the presence of a DSM can simply change consumer preferences for electricity 
and energy-consuming appliances, perhaps inducing greater energy consumption levels as the 
result of a household’s knowledge of DSM participation and its social and environmental 
implications.  
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 From a conceptual standpoint, the conditions under which the household participates in 
the program, then, are as follows: 
 
 
U(X, M – rp – (Pf /e)X, Z, a) > U(X, M – rp – (Pf /e)X, Z, 0)  (3) 
 
 
Where U(X, M – rp – (Pf /e)X, Z, 0) corresponds to non-participation.  
 Both the possibility of moral licensing and the financial implications of the structure of 
the programs themselves justify the expectation that the probability of participation will be 
greater for heavier consumers of electricity. For the direct load control participants, higher 
consumption leads to steeper electricity costs that make the financial participation incentive more 
attractive. For the TOU rate adjustment program, heavier users stand to save more money on 
their monthly bills, especially if more of their consumption occurs during critical peak periods. 
Because both programs result in energy conservation that is apparent to the consumer, higher 
levels of consumption may also boost enrollment likelihood because that consumption may be 
encouraging a form of moral compensation by opting in to the programs.  
It is important here to acknowledge some possible caveats regarding customer 
expectations and behavior. Because the programs effectively lower electricity costs, demand for 
energy could increase, thus illustrating the rebound effect, which has found empirical verification 
and is the subject of significant scholarly examination (Ehrhardt-Martinez & Laitner, 2010; 
Gillingham, Rapson, Wagner, & Fund, 2013). Relatedly, the moral licensing hypothesis 
described here also implies subsequent increases in electricity use because program participation 
may lead to the assuagement of guilt associated with awareness of high consumption levels to 
begin with. Rebound effects, therefore, may be the partial result of moral licensing. It is 
impossible to determine with the given data whether heightened usage corresponds to program 
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participation due to moral licensing or simply to consumer responses to decreases in overall 
electricity costs. Either condition will produce the hypothesized positive relationship between 
consumption and program enrollment.  
Data Collection and Preparation 
The primary data set for this project consists of a representative sample of households 
served by a major electric utility company in the southern U.S. Data include measurements of 
annual electricity usage and program enrollment for each household. In addition to these 
objective measurements, the sample also includes detailed survey responses that the utility 
obtained through a residential customer segmentation study. In April 2010, the utility mailed a 
10-page questionnaire to 16,500 residential customers in two states. They mailed reminder post 
cards to non-respondents in May and ultimately received 6,217 responses by the June 2010 
deadline, yielding a 38% response rate.  
The outgoing sample and responses were balanced at the levels of usage, dwelling type, 
and region. Participants were recruited from a sampling frame including over 1 million 
households, representing the utility’s entire customer base. The final number of cases examined 
in this study was 5,905, with 2,708 observations from State A and 3,197 from State B. Over 78% 
of the State A sample and 83% of the State B sample consisted of homeowners. Both samples 
were 59% male with average family sizes of about 2.25. The size of housing structure was also 
measured and the percentages of sample members in each size category are nearly identical for 
both states. Income and education distributions are also similar between the two samples with the 
bulk of earners falling in the $20,000–$49,999 range. About 42% of each sample had at least 
some college education. Average duration of home ownership was somewhat longer for State A 
residents than for those in State B (14.8 versus about 12 years). The sample also includes details 
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on the age of the housing structure and whether homes used gas rather than electric heat for both 
states.  
Following Stern’s (1986) suggestion that energy efficiency behavior is often due to non-
economic factors such as trust and commitment, I also employ three survey measures designed to 
gauge the customer’s attitude toward the utility. Customers were asked to rank their overall 
impression of their electric utility company on a 1–10 scale. The averages for this measure were 
8.5 and 7.75 for State A and State B, respectively. To assess levels of receptiveness to specific 
utility activities and program offerings, I also employ 10-point Likert scale measurements of 
agreement with the following statements: “I would be likely to consider energy-related product 
or service offers from my utility” and “On very hot days, I would be willing to let my electric 
company adjust my air conditioning by 2 to 3 degrees for up to 4 hours if it reduced my bill.” 
This last survey item speaks directly to the customer’s inclination toward an appliance cycling 
program like the load control agreement examined in this study. It therefore represents a useful 
means of determining whether the intention to participate in such a program corresponds to 
actual behavior. Averages for these two variables were similar between the states. 
The final sample also includes data from the 2012 presidential election. The U.S. 
Geological Survey keeps county-level records of election results, and I use them in this analysis 
to capture variation in political orientation and examine its impact on DSM program 
participation. Left-leaning political ideology has been shown to correspond with household 
participation in green electricity programs (Costa & Kahn, 2013) and utility-level participation in 
DSM offerings (Carley, 2012). The use of these data in the present analysis will help determine 
whether similar evidence exists at the level of residential DSM program enrollment. It would 
have been preferable to have data from the 2008 presidential election to capture political 
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ideology just prior to the date of the survey (2010). However, the USGS files made publicly 
available at DATA.GOV were missing several counties for that year, leaving the resulting 
analysis vulnerable to bias and low statistical power. The 2012 election results serve as a proxy 
for political context prior to the survey, though future analysis should test the results against 
those using prior electoral data when they become available. Complete summary statistics for 
each of the independent variables are listed for both states in Table 4.2. 
 
Table 4.2. Summary Statistics of Independent Variables 
 State A (n=2708) State B (n=3197) 
Variable   
 range  
mean/p
ct 
 
s.d. 
range  
mean/p
ct. 
 
s.d. 
Annual kwh 
(thousands) 
.005 - 
30.99 
13.28 6.64 .002 - 95.53 13.12 8.07 
Owns home 0 - 1.0 0.786 0.41 0 - 1.0 0.839 0.367 
Number of household 
members 
1 - 10 2.28 1.23 1 - 10 2.24 1.18 
       
House size - sq. ft. 
(1,000 - 1,599 ref 
category) 
0 - 1.0  0.3  0 - 1.0  0.3  
1,600 - 1,999 0 - 1.0  0.18  0 - 1.0  0.18  
2,000 - 2,399 0 - 1.0  0.13  0 - 1.0  0.13  
2,400 - 2,999 0 - 1.0  0.1  0 - 1.0  0.1  
3,000 - 3,499 0 - 1.0  0.041  0 - 1.0  0.04  
3,500 or more 0 - 1.0  0.034  0 - 1.0  0.03  
Don't know 0 - 1.0  0.11  0 - 1.0  0.11  
Less than 1,000 0 - 1.0  0.11  0 - 1.0  0.11  
       
Year-round resident 0 - 1.0  0.95 0.21 0 - 1.0  0.881 0.324 
College educated 0 - 1.0  0.429 0.49 0 - 1.0  0.419 0.493 
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Income (under $20k 
reference category) 
0 - 1.0  0.2  0 - 1.0  0.178  
$20,000-$49,999  0 - 1.0  0.32  0 - 1.0  0.366  
$50,000-$74,999 0 - 1.0  0.2  0 - 1.0  0.191  
$75,000-$99,999 0 - 1.0  0.12  0 - 1.0  0.119  
$100,000-$149,999 0 - 1.0  0.11  0 - 1.0  0.098  
$150,000 and over 0 - 1.0  0.05  0 - 1.0  0.048  
       
Male 0 - 1.0  0.59 0.49  
0 - 1.0  
0.59 0.49 
Duration of home 
ownership (years) 
0 - 95 14.8 14.8 0 - 77 11.98  
Gas heat 0 - 1.0  0.248 0.432 0 - 1.0 0.053 0.225 
Age of home (years) 0 - 210 29.3 24.1  27.9 18.2 
Overall impression of 
utility* 
1 - 10 8.49 1.73 1 - 10 7.75 2.12 
I would be likely to 
consider energy-
related product or 
service offers from 
my electric utility* 
1 - 10 6.96 2.52 1 - 10 6.97 2.6 
On very hot days, I 
would be willing to 
let my electric 
company adjust my 
air conditioning by 2-
3 degrees for up to 4 
hours if it reduced 
my bill* 
1 - 10 5.81 3.31 1 - 10 5.72 3.42 
Percentage of county 
vote for Obama 2012 
.237 - .758 0.488 0.091 .202 - .619 0.48 0.079 
* indicates a 1-10 
likert scale of 
agreement where 10 
is the highest level of 
agreement 
      
 
 
DSM Program Participation 
The State B load control program offers a monthly bill credit in exchange for granting the 
utility the right to cycle power to appliances during periods of peak demand. This credit 
increases with the number of appliances subject to cycling (air conditioning, heat pumps, water 
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heaters, and pool pumps are the most common) and with the level of total usage per month. 
Average annual credits range from $35–$40 with a maximum value of $140.23 The TOU pricing 
arrangement was offered in State A only and offers rate differences for on-peak and off-peak 
periods, which change during the summer. The residential energy audit program offers State B 
customers a free online audit survey, which generates a custom report detailing energy efficiency 
and conservation measures to help customers achieve higher energy savings. The appendix 
provides more specific details on each of these programs.  
All three programs attempt to shape energy demand through very different mechanisms, 
though all three clearly advertise the benefits of conservation and cost savings to the consumer. 
Interviews with utility marketing executives revealed that advertisement materials also promoted 
each program on the basis of some sort of altruistic motivation. For instance, promotional 
materials for load control appliance cycling programs included reference to community grid 
stability while TOU and energy efficiency audit advertisements referenced the environmental 
benefits of using less energy overall. Unfortunately, confidentiality agreements with the utility as 
well as difficulty obtaining the original promotional materials preclude me from displaying them 
in this study.  
The TOU pricing agreement was available to the utility’s customers in State A only while the 
load control and energy efficiency audits were available in State B. According to interviews with 
utility executives, the load control program was recently made available to customers State A. 
Those participants are not included in the present study because the program was only advertised 
to select service territories that do not offer representative samples of State A customers. The 
State B load control program, by contrast, is well established and was consistently marketed to 
                                                            
23 Details on program structure were obtained through in-depth interviews with utility marketing executives who will 
remain anonymous in accordance with the non-disclosure agreements with the company who shared these data.  
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all customers in that state. Table 4.3 reports enrollment for each program. 1,094 of 3,197, or 
about 34% of State B customers sampled were enrolled in the load control program in 2010. 161 
or about 5% of these customers had conducted online residential audits. Finally, 90 of 2,780, or 
about 3.5% of State A respondents, participated in the TOU pricing agreement. The table also 
reports differences in proportions of participants in red versus blue counties, where the red 
represents counties in which Mitt Romney acquired more votes in the 2012 presidential election 
and blue represents those in which Obama was favored. Somewhat surprisingly, the comparisons 
show that participation is higher in red counties for both the load control and energy audit 
programs, a result that is discussed further in the Discussion section.  
 
Table 4.3. Summary Statistics for Dependent Variables (DSM Program Participation Rates) 
 Total Red 
counties 
Blue 
counties 
p-value—
difference of 
proportions  
Load control (State B only) 0.342 0.352 0.301 0.015 
Energy audit (State B only) 0.05 0.055 0.033 0.025 
TOU (State A only) 0.033 0.035 0.032 0.643 
 
 
Empirical Analysis 
This study examines the residential decision to opt in to energy saving programs offered 
by their utilities. I developed a theoretical model that centers on the idea that a household will 
opt into an energy-saving DSM program if its overall utility is higher under conditions of 
participation than under non-participation. We can then ask the empirical question of what are 
the characteristics of households for which these conditions hold. The chief aim of this project is 
to address this question by analyzing the effect of energy consumption on the decision to opt in 
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to residential energy-saving programs, including TOU arrangements, energy efficiency audits, 
and load control programs. To do this, I employed probabilistic choice models to estimate effects 
of usage and several additional covariates on the likelihood of participation.  
Previous examination of the residential decision to opt into voluntary environmental 
programs (VEPs) has argued that increased electricity consumption may lead to a greater 
probability of participation as a means of reducing the disutility associated with a household’s 
knowledge of their large environmental impact (Jacobsen et al., 2012). In addition, greater 
consumption leads to higher overall electricity costs, which have been shown to increase the 
probability of DSM participation at the firm level (Leonard & Decker, 2012) as well as among 
households participating in real-time pricing agreements (Allcott, 2011). I formalize the 
expectations that emanate from these findings in the theoretical model in equation (3) to address 
the empirical question of what kinds of households find it beneficial to engage in utility-
sponsored DSMs. Specifically, are households with higher levels of electricity consumption 
more likely to participate in such programs than equivalent low-consumption households?  
I use the data described in this study to model participation in each of the three programs 
described with a discrete choice probit specification. The dependent variable is the probability of 
enrolling in a DSM program. Following Wooldridge (2010), I derive the probit model from an 
underlying latent variable model, satisfying classical linear assumptions. In other words, we can 
assume that some latent unobserved variable, y*i, establishes a linear relationships among the 
likelihood of DSM participation and the key explanatory variables of interest in the following 
way: 
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y*i = β’xi + µi = α + θXi + γGi +δFi + µi  (4) 
 
where Xi is a vector of household socio-economic characteristics and Gi is a vector of household 
attitudinal characteristics, including perceptions toward the utility providing DSM programs. Fi 
is a vector of housing structure characteristics such as size. Table 4.2 provides detailed 
descriptions of each of these variables. We can define an indicator function based on equation (4) 
such that y*i is equal to one if y*i > 0 and zero otherwise:  
 
yi = {1 if y*i > 0 ; and 0 if y*i ≤ 0 }  (5) 
 
Then, we can substitute equation (4) into equation (5) to describe the probability that household i 
enrolls in a DSM program as follows:  
 
Prob(yi = 1) = Prob (y*i > 0) = Prob (µi > -β’xi)  (6) 
 
Finally, given the standard normal cumulative distribution function Φ(.) of µi , we revise 
equation (6) as follows:  
Prob(yi = 1) = Φ(β’xi + µi ) = Φ(α + θXi + γGi +δFi + µi)  (7) 
 
Equation (7) produces estimates of the empirical magnitude of the effects of the 
explanatory variables on the probability that a household participates in a DSM. In addition to 
the usage hypothesis discussed previously, I also test whether the probability that a household 
enrolls in a DSM will vary based on the political characteristics of the surrounding area. Based 
on the literature, I hypothesize that higher levels of left-leaning ideology, measured by 
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percentage of county-level votes cast for Obama in the 2012 presidential election, will lead to a 
greater likelihood of participation in energy saving programs.  
 With respect to the structural characteristics of households, it is reasonable to expect that 
larger homes will be more likely to enroll in DSMs because they stand to save more money, at 
least in absolute terms, through increased energy efficiency or lower usage. Similarly, 
households with larger families may be more inclined to participate since the incentives related 
to overall usage are likely made more attractive. Of course, the opposite could be true in both 
cases. That is, larger homes may be less likely to opt in if they are newer and more efficient to 
begin with. Further, larger families could be more reluctant to participate if they experience 
greater constraints on usage due to the need to accommodate greater and more diverse energy 
needs of different household members.  
 Education and income have both been shown to positively affect pro-environmental 
behavior, including green energy program enrollment (Clark et al., 2003; Kotchen & Moore, 
2007) and home energy audit and loan program participation (Tonn & Berry, 1986). These 
results are not consistent across studies24 and there are very few that examine the effects of 
income and education on DSM enrollment specifically. Accordingly, I test whether college-
educated and high-income households are more likely to opt in for each of the three programs.  
 Finally, I hypothesize that households with higher levels of approval of their utilities and 
higher levels of participation intention will be more likely to enroll in DSM programs. I test 
these assumptions using the three survey questions discussed earlier, which measure approval 
and willingness to consider conservation products and programs offered by the utility.  
  
                                                            
24 For instance, Jacobsen et al. (2012) found no significant effects of either income or education on green electricity 
program participation.  
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Results 
Overall, the results demonstrate that the characteristics of participants in DSM programs 
vary substantially depending on the structural elements of those programs. Table 4.4 reports 
probit estimates of the marginal effects of the independent variables on the probability of DSM 
participation. Each of the three columns reports results for the same exact set of variables for 
each of the three program types. Wald chi-squared statistics for all three models indicate that the 
independent variables jointly provide statistical significance. The TOU model confirms the usage 
hypothesis, demonstrating a .29% increase in enrollment probability for every additional 1,000 
annual kilowatt-hours consumed. Results show no significant relationship between usage and 
participation for the load control and energy audit programs. The finding that usage is positively 
related to enrollment in TOU but not to participation in online energy audits is consistent with 
previous work (Alberini & Towe, 2015; Allcott, 2011). It is surprising, however, that high 
consumption does not increase participation in load control, especially because the structure of 
the program links the financial incentive to monthly usage. This could be due to the fact that, 
regardless of usage, the average annual credit is small ($35–$40.) It could also be the result of 
endogeneity in the usage variable, a limitation of this study because available data only measure 
post-enrollment usage, which is undoubtedly affected by program participation.25  
Household characteristics determine participation in some programs but not others. 
Homeowners are much more likely to enroll in load control but not in the other two programs. 
This is not surprising given that the load control program requires cycling devices on large 
appliances that tend to correspond with home ownership. Larger homes are more likely to enroll 
                                                            
25 The effect of load control participation on usage could be positive or negative depending on whether the consumer 
actually experiences service interruptions and whether they consume more in response to participation either as the 
result of moral licensing (altruistic program involvement justifies subsequent increases in “bad” consumption behavior) 
or a rebound effect (overall decreases in energy expenditures related to the program induce subsequent increases in 
consumption). Despite these possibilities, the endogeneity is not inevitable and may not be a problem if aggregate annual 
consumption is not particularly responsive to program participation.  
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in TOU but not in load control or energy audit programs. However, very large (>3,500 sq. ft.) 
and very small (<1,000 sq. ft.) homes are less likely to be load control participants than their 
counterparts in 1,000–1,599 square foot homes. Other structural influences include increases in 
the likelihood of participation for each year increase in the age of the home. These marginal 
effects were 0.42% and 0.03% for load control and TOU, respectively. Homes with gas heating 
were 33% less likely to be load control participants, a result that reflects the fact that most 
participants opt for cycling of HVAC systems that provide electric heat. Gas-heated homes were 
also 2.3% less likely to be TOU participants.  
Models reveal no evidence for any effects of income, education, gender, or size of 
household on participation in any of the three programs. The null findings for income and 
education are intriguing because they conflict with established findings on the enrollment 
decisions of households (Tonn & Berry, 1986) and the likelihood of utility provision of such 
programs (Carley, 2012). However, they are consistent with Kotchen and Moore’s (2007) 
finding that income and other socio-demographic variables play no significant role in driving 
green electricity program involvement after controlling for attitudinal variables, which the 
present study does as well.  
Interestingly, the data also show little support for the hypothesis that DSM participants 
show higher levels of approval and cooperation with their utility. None of the three Likert-scale 
survey variables bear significant relationships to participation in energy audits or TOU 
agreements. Only one of these variables, the expression of willingness to allow appliance cycling 
on hot days, influenced participation in load control, but the effect is surprisingly small at only a 
3% increase in probability of enrollment for each point of agreement. These results cast doubt on 
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the supposition that customers’ expressions of support for their utilities and the conservation 
services they offer translate to actual uptake of those services.  
 Finally, political ideology appears not to influence program participation. There appear to 
be no significant relationships between Obama’s 2012 vote share and enrollment in either load 
control or TOU programs. Contrary to expectations, there is evidence for a negative relationship 
between liberalism and energy efficiency audits. A one-percentage point increase in the share of 
county votes for Obama corresponds to a .2% decrease in the likelihood of conducting a home 
audit. This may reflect the fact that conservative households are participating in such programs at 
higher levels on the basis of economic concerns. It may also suggest that the audit program 
simply fails to evoke the kinds of pro-environmental concerns that typify liberals.  
 
Table 4.4. Marginal Effects for Results of Probit Models of DSM Program Participation 
Variable  Marginal Effects 
 Load control TOU EE Audit 
Annual kwh (thousands) -0.0039 0.0029*** 0.0002851 
Owns home 0.18*** -0.0002 0.0515* 
Number of household members -0.014 -0.0067 -0.0002 
    
House size - sq. ft. (1,000 - 1,599 ref category)  
1,600 - 1,999 0.0044 0.0169* 0.0112 
2,000 - 2,399 -0.033 0.0294** 0.0127 
2,400 - 2,999 -0.066 0.0301** 0.026 
3,000 - 3,499 -0.033 0.0267 0.0246 
3,500 or more -0.14* 0.0378 -0.0192 
Don't know -0.088 0 0.0039 
Less than 1,000 -0.097** 0 -0.0127 
    
Year-round resident 0.037 0.0023 0.016 
College educated -0.0009 0.008 -0.0074 
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Income (under $20k reference category)   
$20,000-$49,999  0.0038 0.0159 -0.0152 
$50,000-$74,999 -0.0056 0.0088 0.0198 
$75,000-$99,999 0.019 0.013 -0.007 
$100,000-$149,999 0.047 0.011 0.028 
$150,000 and over 0.026 -0.0036 0.0063 
    
Male -0.039 -0.0053 0.0003 
Duration of home ownership (years) 0.0039 0.0007** -0.0011 
Gas heat -0.33*** -0.023** 0.0044 
Age of home 0.0042*** 0.0003** 0.0002 
Overall impression of utility -0.0014 0.0035 0.0015 
I would be likely to consider energy-related 
product or service offers from my electric 
utility 
0.0047 -0.0015 0.0036 
On very hot days, I would be willing to let 
my electric company adjust my air 
conditioning by 2-3 degrees for up to 4 
hours if it reduced my bill 
0.030*** 0.0011 0.0001 
Percentage of county vote for Obama 2012 0 -0.0003 -0.0020*** 
Observations 3,197 2,780 3,197 
Wald statistic 119.72 27.98 15.88 
 
 
Concluding Remarks and Discussion of Policy Implications 
The results of this study provide evidence for why households decide to participate in 
utility-sponsored energy-saving programs. In so doing, the study contributes to a burgeoning line 
of inquiry aimed at determining the characteristics of households that decide to opt in to such 
programs. More specifically, it informs a nascent scholarship on the effects of high energy 
consumption on the private provision of environmental public goods (Kotchen & Moore, 2007). 
My approach builds on existing literature in three main ways. First, it incorporates DSM 
participation into considerations of voluntary provision of environmental public goods. In so 
doing, it expands this body of scholarship beyond previous studies that have focused more on 
green product purchases, carbon offsets, and renewable energy program participation. Second, it 
improves on the DSM participation studies that do exist by providing details about program 
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structure across three distinct utility offerings, whereas previous work tends to refer to energy 
efficiency or DSM programs more generally (Kelsven, 2013; Leonard & Decker, 2012). It thus 
expands the evidence of behavioral drivers across a wider spectrum of activities related to energy 
use and climate change while also informing program evaluation communities seeking to explain 
participation in multiple types of DSMs. Finally, it integrates survey data with observed 
behavioral measurements, offering a degree of validity that is not obtainable in survey-based 
approaches to explaining environmental behavior.  
This study’s findings are of value to policymakers seeking to understand the conditions 
of private provision of public goods. By modeling participation and outcomes of three different 
energy-saving programs with differing levels of associated private benefits, results inform how 
the structure of such programs may be leveraged to induce voluntary public good provision when 
other policy options are not available. Additionally, this study enriches our understanding of 
what prompts households to participate in conservation programs as well as how to leverage 
those attributes in future program offerings and in the marketing of green energy services. This 
information is important to both policy design and evaluation because it provides further 
evidence to inform efforts to improve program structure to optimize behavioral response.  
The general implications of this study are that DSM options vary tremendously in 
program structure, and that the characteristics of participants in these programs vary depending 
on their unique structural components. Energy consumption appears to play a small but 
significant role in TOU program enrollment. Similar findings did not emerge for the other two 
programs, a result that may suggest that the moral licensing hypothesis does not apply as well to 
DSM-related behaviors as it does to other voluntary environmental actions. Strong positive 
effects emerge for household characteristics such as home ownership and duration of tenure as 
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well as structural housing characteristics such as gas heating and the size and age of the home. 
Political ideology, income, and education appear not to influence enrollment in any of the three 
programs. These results support findings in some similar studies. Positive consumer-utility 
relations and a stated willingness to engage in the behaviors implied by program structure have 
small effects on participation in load control but not in the other two programs. This result 
suggests a lack of relationship between stated behavioral intentions and actual behavior, at least 
with regard to certain types of DSM programs.  
Finally, it is worth noting that the cross-sectional nature of the data in this study poses a 
substantial limitation in that analysis is unable to determine with certainty the nature of any 
causal relationships among the variables. I have attempted to address endogeneity issues to the 
extent possible by including a number of covariates to rule out omitted variable bias. However, I 
am unable to rule out the possibility of reverse causality between the usage and program 
participation variables, especially because reductions in overall electricity consumption are a key 
aim of DSM programs. The goal of this study, however, was not to generate precise causal 
estimates but rather to characterize more broadly the participants in various DSM programs 
using observational data. To this end, results are suggestive of a number of variable relationships 
that are useful in predicting who is likely to enroll in energy-saving programs and, consequently, 
the conditions under which such programs are likely to achieve market penetration.  
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CHAPTER 5. CONCLUSIONS, POLICY IMPLICATIONS AND 
RECOMMENDATIONS FOR FURTHER RESEARCH 
The decisions and behavior of residential consumers play a significant role in shaping the 
future of energy. Since the 1970s, utility planners and regulatory bodies have increasingly sought 
to meet energy demand in ways that minimize environmental damages and prevent costly 
increases in generating capacity. This emphasis on energy efficiency and the conservation of 
scarce energy resources spurred the growth of an interdisciplinary research agenda focusing on 
voluntary energy behavior initiatives. Also motivating this research is an increasing awareness of 
the need to confront the damaging effects of global warming. Despite this concern, policies to 
curb greenhouse gas emissions have not advanced at the pace necessary to prevent serious 
environmental damages. This trend is due in large part to persistent disagreement among 
policymakers regarding how and whether to address the problem. Traditionally, energy and 
climate change policy have focused heavily on market-based instruments and strategies to spur 
technological innovation. These policies tend to face problems of political infeasibility and long 
time lags due to the complexity of implementation at national and international scales.  
In this context, policy scholars and regulatory bodies have begun to focus more heavily 
on voluntary behavioral initiatives to mitigate carbon emissions. Such strategies also provide 
opportunities for cost savings for energy consumers and utilities through decreased electricity 
expenditures and electric grid stabilization. What do we know about why these strategies are 
effective in some cases but not others? Who engages in voluntary pro-environmental energy 
behavior? How do social and psychological characteristics shape household decisions to 
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conserve energy, to invest in energy efficient technologies, and to participate in utility-sponsored 
conservation programs?  
 The three chapters in this dissertation addressed these questions by empirically 
examining the influence of social contextual and attitudinal characteristics on multiple forms of 
energy-saving behavior at the household level. They have built on literatures in environmental 
behavior and voluntary behavioral policy initiatives by pairing a unique body of attitudinal 
survey data with detailed records of multiple forms of residential energy consumption and 
conservation behavior. Analyses exploit the variety of measures contained in these data to test 
key theories of environmental behavior and to examine the ways in which behavioral precursors 
differ across households.  
Residential Electric Service Preferences 
Chapter 2 focused on a key subset of attitudinal and social contextual characteristics of 
households and their influence on electric utility service preferences. Empirical models were 
developed to accommodate a unique behavioral outcome variable: a consumer’s allocation of a 
limited number of points across eight competing attributes of their utility service. Among the key 
findings in this chapter are that renters, middle-income, and highly educated residents assign the 
highest value to pro-environmental service attributes relative to non-environmental features such 
as comfort and affordability. It also finds that attitudes about specific environmental issues and 
attitudes that invoke a sense of duty to future generations are more powerful drivers of green 
service preferences than are attitudes about specific green behaviors like recycling and 
conservation.  
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Recommendations 
The gap between green attitudes and behaviors is now well documented and is often cited 
as a major reason for the sluggish pace of efforts to curb residential emissions. However, more 
recent studies have found that the discrepancy between environmental attitudes and behavior is 
more complex than what previous work in this area suggests. The results of this chapter support 
a more nuanced approach to measuring the attitude-action gap apparent in household energy 
activities. Analysis showed only weak connections between behavior-specific environmental 
attitudes and the expression of green electricity service preferences. The gap between attitudes 
and green utility preferences is less pronounced when those attitudes pertain to future 
generations and environmental issues such as climate change. Further research is needed to 
expand our knowledge base regarding the attitudinal influences on electric service priorities. 
Additional work in this area should more carefully examine the role of environmental concern 
and its relationships to behavior-specific attitudes in shaping demand for green services from 
utilities.  
 Findings provide a number of lessons for policy makers and utility managers. The 
apparent relationship between certain types of green attitudes and pro-environmental service 
preferences suggests a basis for more careful marketing of green electricity programs among 
consumers who express low levels of concern about the environment. Consumers who do not 
express such attitudes may not be pre-disposed against pro-environmental service offerings, 
especially if they are framed in ways that reflect private benefits such as comfort, reliability and 
affordability. Income and education are positively related to pro-environmental electric service 
preferences, suggesting that voluntary behavioral policies and conservation programs will be 
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most effective when targeted at groups who have the resources to pay attention and respond to 
those initiatives.  
Energy Concern, Conservation Norms, and Behavior 
Chapter 3 examined multiple forms of pro-environmental energy behavior concurrently 
using an empirical approach that uncovered the key constructs underlying those behaviors and 
their determinants. It found that environmental norms, or statements of personal or social 
commitment to environmental protection, play a significant role in explaining the relationship 
between concern about energy issues and actual conservation behavior. The nature of this 
relationship depends heavily on the type of behavior measured. Although personal energy norms 
mediate the influence of energy concern on conservation behavior, they do not appear to do so 
for other behaviors such as the expression of support for conservation measures. Another key 
finding is that older survey respondents appear to be more likely to express personal feelings of 
responsibility for energy conservation rather than expectations of society at large.  
Recommendations 
This chapter’s results have useful implications for policy and utility program marketing. 
For one, a stronger emphasis on personal and social norms is likely to improve efforts to induce 
voluntary energy conservation. Additionally, social norms are more likely to play a strong role in 
guiding personal conservation efforts among younger energy users. These individuals may 
respond better to policy and marketing strategies that emphasize the behavior of relevant social 
groups. Most important, the effects of general energy concern on behavioral outcomes depend 
heavily on the type of behavior under examination, as well as the attitudinal and social structural 
differences across households. That is, policymakers should address the fact that attitude-
behavior gaps may be more prevalent among some households than among others. Accordingly, 
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strategies to induce conservation behavior may or may not benefit from appeals to environmental 
attitudes and beliefs depending on the nature of the behavior in question and the social structural 
constraints facing households.  
Participation in Utility-Sponsored Conservation Programs 
The final empirical chapter aimed to inform two specific literatures in the realm of energy 
behavior and related policy studies: one strives to explain the reasons for voluntary private 
provision of environmental public goods while the other looks generally at the characteristics of 
households that participate in utility-based conservation and demand-side management (DSM) 
programs. One of this study’s key contributions is the finding that these characteristics vary 
substantially across programs with differing structural elements (time-of-use electricity pricing 
[TOU], peak demand appliance cycling, and subsidized home energy audits). Heavy users of 
electricity are more likely to enroll in TOU but not in the other two programs. Further, household 
characteristics such as home ownership and duration of tenure are strong predictors of program 
enrollment, as are the structural features of homes. Homeowners are more likely to participate, 
and this effect increases with the duration of ownership. Results also show that occupants of 
larger and older housing structures are more likely to participate in certain DSM programs.  
Recommendations 
These findings inform policymakers seeking to better understand the conditions under 
which households voluntarily provide public goods. They also assist utilities in understanding 
the characteristics of those most likely to participate in conservation programs. Previous studies 
have tested for the presence of a “green guilt” effect by which consumers opt into green energy 
programs based on knowledge of their own energy consumption. The same effect could be 
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present in this study with regard to TOU pricing arrangements, but further research is needed to 
disentangle the green guilt effect from the consumer’s response to a financial incentive.  
 Regarding policy and program marketing, the study finds that stated intentions regarding 
conservation and participation in utility programs are not strong predictors of actual enrollment. 
As such, decision makers should use caution when projecting enrollment and targeting 
consumers based on such statements. Policy makers and utility managers should pay closer 
attention to the structural characteristics of households in designing and marketing their 
conservation programs.  
Limitations 
Although the results summarized above provide numerous useful extensions of existing 
literature along with valuable implications for policy, the studies in this dissertation also face 
limitations. Most important, correlational studies such as these cannot determine causal 
relationships. Experimental and quasi-experimental procedures are also needed to test for causal 
extensions of the relationships implied by correlational work. However, observational research 
provides benefits that experimental work cannot, such as the ability to generalize across broader 
populations and making use of a richer suite of variables than is often possible (or affordable) 
using experimental methods. Indeed, one of the primary contributions of these studies is their 
ability to analyze multiple forms of residential energy behavior (e.g., usage, program enrollment, 
energy-efficient light bulb purchasing) at several levels of commitment (stated intentions, 
reported behaviors, budgeted priority ranking, objective measurements). In addition, they employ 
data that include a unique array of social, demographic, and attitudinal variables, allowing for 
empirical testing of key theories of environmental behavior.  
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 Despite their utility, the data are not without imperfections. Standard caveats apply when 
dealing with self-administered mail-based surveys, prominently including social desirability and 
non-response bias. These studies aimed to minimize these difficulties by confirming balanced 
samples with the utility that collected the data and by making use of the fact that the survey was 
broadly promoted as a “customer segmentation” study rather than one that focused specifically 
on environmental attitudes. Further, Chapter 3 addresses non-response issues by employing an 
empirical approach designed to accommodate partially missing data across a number of survey 
items. Even after accounting for missing data, the sample is not nationally representative, 
hindering generalizability beyond the southeastern region of the U.S.  While the data still afford 
a degree of generalizability beyond what is typically seen in similar studies, extensions of this 
work should examine the extent to which these results appear in different regions and across 
broader samples.    
 Measurement error is always a problem when dealing with survey data. Again, the 
methods used in Chapter 3 alleviate this by measuring relationships among latent constructs 
rather than individual survey items. However, the low internal consistencies of many of the 
survey items used to construct measurement scales leave room for improvement in follow-up 
work. In making use of utility survey data that capture a broad cross-section of U.S. consumers, 
this dissertation was forced to rely on survey items that were not explicitly aligned with 
environmental behavior theories. Thus they are not ideal sources of measurement for the types of 
constructs (norms, values, beliefs) commonly used in analyses of environmental behavior.  
 Finally, although the nature of the survey alleviates many of the generalizability concerns 
facing similar studies, readers should use caution when extrapolating results beyond national, or 
even regional, borders. The data may accurately represent the two U.S. states from which they 
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were drawn, but difficulties may still arise in generalizing to national or international 
populations. Additionally, it is important to note that the data only represent a single time period 
during 2010. Inevitable developments in public opinion as well shifts in political, social, and 
geophysical conditions make it possible that the relationships implied by these results may have 
changed, at least somewhat, since the time of the study.  
Research Extensions  
Results of the studies contained in this dissertation, along with the limitations indicated in 
this conclusion, point to several valuable opportunities for further research. Regarding the 
diversity of energy-related behaviors, these studies invite additional work that examines the ways 
in which attitudinal influences differ across behavioral types and levels of behavioral 
commitment. Specifically, further examination of the determinants of electric utility service 
preferences is needed to see if the results of Chapter 2 persist in experimental and quasi-
experimental settings. This work has also illuminated opportunities to analyze the influence of 
attitudinal and social structural variables on DSM program enrollment, suggesting a basis for 
testing the extent to which results carry across multiple types of conservation programs.  
Future research should explore similar attitude-behavior relationships using more detailed 
and theoretically grounded survey designs and several types of behavior. Utilities, policymakers, 
and scholars should make an effort to align high-quality behavioral data with prominent 
behavioral theories. This would minimize measurement error and expand current knowledge 
regarding the application of these theories to numerous types of behavior. Finally, additional 
studies are needed to clarify the extent to which these theories and related hypotheses hold for 
different types of utility- and government-sponsored conservation programs such as 
weatherization assistance, appliance rebates, energy-efficiency loans, and many others.  
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Conclusions 
Voluntary behavior change is a critical component of policy efforts to promote energy 
efficiency, conservation, and demand for renewable energy technology. Market-based carbon 
mitigation strategies and technological inducements are insufficient, on their own, to reach the 
emissions targets necessary to prevent catastrophic damage due to climate change. Voluntary 
behavioral initiatives also represent attractive opportunities for consumers and utilities to save on 
energy costs while in many cases improving efficiency and stability of the electric grid. 
Policymakers and utility managers require a better understanding of residential energy behavior 
and its antecedents to design and implement more effective energy-saving strategies.  
The research presented in this dissertation addresses this need through empirical 
examination of the role of attitudes and social context in shaping multiple types of energy 
behavior. It contributes to behavioral, economics, and policy literatures that seek to determine 
the best ways to encourage voluntary energy-saving activities. This work, and subsequent 
extensions, will enable more accurate projections and descriptions of energy-related behavior at 
the household level. It also provides a more detailed understanding of the drivers of pro-
environmental energy activities.  
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APPENDIX 1. RESULTS OF EMPIRICAL MODELS 
Table 2.5a. Seemingly Unrelated Regression Results for all Electric Service Priorities 
Equation Observations Parameters RMSE "R-sq" chi2 P-
value 
------------- ---------- ------- ------------ ----------- ---------- ------- 
Environmental 
protection stickers 
2840 23 1.318928 0.1749 601.87 0 
Renewable energy 
stickers 
2840 23 1.497142 0.0695 212.2 0 
Maintain comfort 
stickers 
2840 23 1.7432 0.1195 385.56 0 
Overall cost stickers 2840 23 2.4147 0.0452 134.44 0 
Reliability of service 
stickers 
2840 23 2.085974 0.0992 312.69 0 
Ways to lower bill 
stickers 
2840 23 1.542934 0.0958 300.75 0 
Assurance of 
adequate power 
supply stickers 
2840 23 2.028857 0.0266 77.5 0 
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Table 2.5b. Seemingly Unrelated Regression Results for all Electric Service Priorities 
(Dependent Variable = Environmental Protection Stickers)26 
 
 
Coef. Std. Err. z P>|z| [95% Conf. Interval 
Environmental 
protection stickers 
      
HH Income       
$20,000-$49,000 0.1201391 0.0788551 1.52 0.128 -0.0344141 0.2746923 
$50,000-$74,999 0.2140143 0.0911384 2.35 0.019 0.0353863 0.3926422 
$75,000-$99,999 0.2504081 0.1018292 2.46 0.014 0.0508265 0.4499897 
Education       
Post graduate 0.1090891 0.2037851 0.54 0.592 -0.2903223 0.5085004 
       
Age of air conditioning 
equipment 
0.0072841 0.0037207 1.96 0.05 -8.37E-06 0.0145766 
Number of children 0.0011441 0.0012632 0.91 0.365 -0.0013319 0.00362 
Size of household -0.004804 0.0023099 -2.08 0.038 -0.0093313 -0.000276 
Owner -0.299863 0.0725579 -4.13 0 -0.4420746 -0.157652 
Heavy online social 
networker 
-0.072251 0.0699313 -1.03 0.302 -0.2093141 0.0648116 
Percentage of total vote 
for Romney 
0.0007635 0.0029696 0.26 0.797 -0.0050568 0.0065839 
Percentage of vote - 
Other 
0.2317303 0.079075 2.93 0.003 0.0767462 0.3867145 
“Climate change is real” 0.1513147 0.0101071 14.97 0 0.1315052 0.1711243 
“We should protect the 
environment for future 
generations” 
0.0498193 0.0148913 3.35 0.001 0.0206329 0.0790057 
“Conscientious about 
recycling” 
0.0194556 0.0101036 1.93 0.054 -0.000347 0.0392582 
“We should reduce 
household energy use” 
0.0344536 0.0178423 1.93 0.053 -0.0005167 0.069424 
“It is everyone’s duty to 
conserve” 
-0.032040 0.0181883 -1.76 0.078 -0.0676893 0.0036077 
_cons -0.273623 0.2851418 -0.96 0.337 -0.8324911 0.2852443 
 
  
                                                            
26 For brevity, coefficients are only displayed for predictors with statistically significant relationships to the outcome 
variables.  
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Table 2.5c. Seemingly Unrelated Regression Results for all Electric Service Priorities 
(Dependent Variable = Renewable Energy Stickers) 
 
 Coef. Std. Err. z P>|z| [95% Conf. Interval 
       
Renewable energy 
stickers 
      
HH Income       
$75,000-$99,999 0.2050632 0.1155883 1.77 0.076 -0.0214858 0.4316122 
$100,000-$149,999 0.2241882 0.1258878 1.78 0.075 -0.0225473 0.4709238 
More than $150,000 0.1513334 0.1601415 0.94 0.345 -0.1625382 0.465205 
       
Education       
Post graduate 0.3825015 0.2313204 1.65 0.098 -0.0708782 0.8358812 
Age of air 
conditioning 
equipment 
0.0118912 0.0042235 2.82 0.005 0.0036134 0.0201691 
Owner -
0.2023965 
0.0823619 -2.46 0.014 -0.363823 -0.040970 
Heavy online social 
networker 
-
0.0214838 
0.0793804 -0.27 0.787 -0.1770666 0.134099 
Percentage of total 
vote for Romney 
0.0027225 0.0033709 0.81 0.419 -0.0038843 0.0093292 
Percentage of vote − 
Other 
0.2265288 0.0897596 2.52 0.012 0.0506032 0.4024543 
“Climate change is 
real” 
0.0776667 0.0114728 6.77 0 0.0551805 0.100153 
“We should protect 
the environment for 
future generations” 
0.0499905 0.0169034 2.96 0.003 0.0168604 0.0831205 
“Conscientious 
about recycling” 
0.0324892 0.0114687 2.83 0.005 0.0100109 0.0549676 
“We should reduce 
household energy 
use” 
0.0377588 0.0202532 1.86 0.062 -0.0019368 0.0774543 
“It is everyone’s 
duty to conserve” 
-
0.0448182 
0.0206459 -2.17 0.03 -0.0852835 -0.004352 
_cons -
0.3935072 
0.3236701 -1.22 0.224 -1.027889 0.2408745 
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Table 2.6. OLS and Negative Binomial Regression Results 
Dependent variable – 
counts of stickers 
allocated to pro-
environmental service 
attributes 
Model 1 - 
OLS 
Model 2 - 
OLS 
Model 3 - 
OLS 
Model 4 - 
NB 
Model 5 - 
NB 
Model 6 - 
NB 
 b/se b/se b/se b/se b/se b/se 
$20,000-$49,000 0.108 0.077 0.181 0.041 0.032 0.072 
 0.149 0.149 0.145 0.055 0.055 0.054 
$50,000-$74,999 0.171 0.135 0.454** 0.062 0.052 0.170** 
 0.174 0.174 0.167 0.063 0.063 0.061 
$75,000-$99,999 0.147 0.103 0.455* 0.058 0.043 0.152* 
 0.202 0.202 0.189 0.072 0.072 0.067 
Age of air 
conditioning 
equipment 
0.021** 0.022** 0.019** 0.008** 0.008*** 0.006** 
 0.007 0.007 0.007 0.002 0.002 0.002 
Number of children 0.002 0.002 0.002 0.001 0.001 0.001 
 0.002 0.002 0.002 0.001 0.001 0.001 
Size of household -0.006 -0.006 -0.005 -0.002 -0.002 -0.002 
 0.004 0.004 0.004 0.002 0.002 0.002 
Owner -0.541*** -0.511*** -0.502*** -0.182*** -0.169*** -0.164*** 
 0.141 0.142 0.133 0.045 0.045 0.044 
Heavy online social 
networker 
-0.119 -0.129 -0.094 -0.043 -0.045 -0.006 
 0.125 0.125 0.117 0.045 0.045 0.042 
Percentage of total 
vote for Romney 
 -0.004 0.003  -0.001 0.001 
  0.005 0.005  0.002 0.002 
Percentage of vote − 
Other 
 0.495*** 0.458***  0.175*** 0.149** 
  0.148 0.139  0.053 0.05 
“Climate change is 
real” 
  0.229***   0.095*** 
   0.016   0.007 
“We should protect 
the environment for 
future generations” 
  0.100***   0.038*** 
   0.025   0.01 
“Conscientious about 
recycling” 
  0.052**   0.019** 
   0.017   0.007 
“We should reduce 
household energy 
use” 
  0.072*   0.037** 
   0.028   0.013 
“It is everyone’s duty 
to conserve” 
  -0.077**   -0.038** 
   0.029   0.013 
_cons 2.999*** 2.654*** -0.667 1.095*** 0.958*** -0.394* 
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 0.33 0.43 0.447 0.12 0.158 0.176 
N 2840 2840 2840 2840 2840 2840 
df_m 16 18 23 16 18 23 
r2 0.019 0.023 0.155    
r2_a 0.014 0.017 0.148    
Standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p< 0.001 
 
 
Table 2.6b. Marginal Effects for Negative Binomial Regressions 
Dependent variable – 
counts of stickers 
allocated to pro-
environmental service 
attributes 
Model 4 - NB Model 5 - NB Model 6 - NB 
    
$50,000-$74,999 0.165 0.137 0.449** 
$75,000-$99,999 0.085 0.041 0.377* 
Age of air conditioning 
equipment 
0.021*** 0.022*** 0.019*** 
Number of children 0.004* 0.005** 0.003 
Size of household -0.006 -0.007 -0.004 
Owner -0.384** -0.361** -0.404*** 
Heavy online social 
networker 
-0.190 -0.193 -0.070 
Percentage of total vote 
for Romney 
 -0.003 0.004 
Percentage of vote − 
Other 
 0.490*** 0.425*** 
“Climate change is 
real” 
  0.264*** 
“We should protect the 
environment for future 
generations” 
  0.104*** 
“Recycling is 
important” 
  0.052*** 
“We should reduce 
household energy use” 
  0.105*** 
“It is everyone’s duty to 
conserve” 
  -0.11*** 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 2.7. Ordered Logit Models of Counts of Stickers on Pro-environmental Service Priorities 
 
 Model -1 Model -2 Model -3 
 Pro-environmental Stickers 
Pro-environmental 
Stickers 
Pro-environmental 
Stickers 
 b/se b/se b/se 
    
$50,000-$74,999 0.158 0.137 0.404** 
 0.122 0.123 0.13 
    
$75,000-$99,999 0.095 0.069 0.379** 
 0.141 0.141 0.144 
AC age 0.014** 0.014** 0.014** 
 0.005 0.005 0.005 
Owner -0.330**  -0.312** -0.319** 
 0.095 0.095 0.098 
    
Heavy online social networker 0.003 -0.005 0.034 
 0.089 0.089 0.091 
    
Percentage of total vote for Romney  -0.002 0.003 
  0.004 0.004 
    
Percentage of vote − Other  0.288** 0.292** 
  0.107 0.109 
    
“Climate change is real”   0.177*** 
   0.014 
    
“We should protect the environment 
for future generations”   0.080*** 
   0.021 
    
“Conscientious about recycling”   0.038** 
   0.014 
    
“We should reduce household energy 
use”,   0.066** 
   0.025 
    
“It is everyone’s duty to conserve”   -0.062* 
   0.025 
------------ --------------- ----------------- ---------------- 
N 2840 2840 2840 
* p<0.05, ** p<0.01, *** p<0.001    
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APPENDIX 2. EXTENDED LITERATURE REVIEW 
A.1. Environmental beliefs and the attitude-behavior gap 
Empirical findings on attitude-action gaps with regard to environmental behavior deliver 
mixed results. Numerous studies point to positive relationships between pro-environmental 
attitudes and stated intentions or support for policies and programs requiring significant changes 
in environmental behavior. Akter and Bennett (2011), for instance, found that support for climate 
stabilizing policy measures, including strategies designed to promote green technology adoption, 
was positively related to exposure to environmental information and beliefs about the human 
causes of environmental problems (Akter and Bennett, 2011). Their regression models show that 
a one-unit increase in agreement on a five-point attitudinal scale measuring sense of human 
responsibility for climate change produced a 25% increase in the likelihood of accepting higher 
household costs to enact stricter climate policies. A similar study found that belief in global 
warming science corresponded to a 68% increase in the likelihood of accepting a higher WTP 
bid to support the Kyoto Protocol (Berrens, Bohara, Jenkins-Smith, Silva, and Weimer, 2004).  
Yet the apparent gap between such statements and corresponding changes in real 
behavior remains large, and is typically attributed to a lack of direct connection between general 
environmental beliefs and action (Pickett-Baker and Ozaki, 2008)(Bamberg, 2003b). Scholars 
have explained the existence of such gaps by pointing to theoretical deficits in scholarship on the 
existence of and connections between numerous distinct types of behavioral antecedents 
(Kollmuss and Agyeman, 2002). This appendix explores some recent informative literature on 
some of these pre-cursors of pro-environmental behavior.  
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A.2. Attitudinal antecedents of environmental behavior 
There is nothing particularly surprising about an apparent correspondence between 
“green” attitudes and pro-environmental behavioral intentions. For instance, a correlation 
between concern about climate change and the propensity to purchase a hybrid vehicle is not as 
informative as an explanation of why that attitude led to a vehicle efficiency upgrade rather than 
a less conspicuous investment. Is it that concern about pollution produces feelings of 
responsibility and moral culpability for specific actions to mitigate it? Or is the behavior the 
result of a different internal antecedent such as the desire to be perceived as “green” by groups of 
similarly concerned peers? And are those internal dispositions thwarted by lack of information 
about or confidence in those specific actions?  
Previous studies have sought to quantify the effect of environmental awareness, attitudes, 
and intentions on behavior in order to make comparative statements about the relative influence 
of attitudinal antecedents of environmental behaviors (Hall and Allan, 2014; Schwab, Harton, 
and Cullum, 2014; Tate, Stewart, and Daly, 2014). Gadenne et al. (2011) found that attitudes of 
favorability toward purchasing green products were strongly correlated with actual purchasing 
and consumption behaviors, but that general environmental beliefs were not strongly associated 
with attitudes about behavior. This latter result is taken as further evidence for the apparent rift 
between environmental beliefs and behavioral intentions, an instantiation of a well-documented 
puzzle in psychological literatures. Kollmuss and Agyeman (2002) develop a theoretical model 
to help explain the existence of such gaps, arguing that the largest attitudinal influences on pro-
environmental behavior occur in concert with external factors such as infrastructure, economic 
conditions, and socio-cultural factors. Among the key findings in the literature, then, is that 
environmental beliefs alone are typically found to be insufficient motivators for behavior change 
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if other internal (e.g. attitudes about technology viability or activation of interpersonal, 
normative considerations) and external (e.g. concomitant opportunities in the form of social and 
economic institutions to support behaviors that align with pro-environmental attitudes) 
conditions are not met. 
Further frustrating attempts to link environmental attitudes and behavior is the fact that 
the current literature is conflicted as to whether such a relationship exists. For instance, 
Gatersleben and colleagues (Gatersleben et al., 2002) found that household energy use was only 
weakly related to environmental attitudes while other studies found no such relationship at all 
(Brandon and Lewis, 1999; Poortinga et al., 2004b). Attitude-behavior relationships appear to 
depend strongly on the type of behavior and the nature of the attitudinal variables used. For 
instance, existing studies have revealed that the specificity of attitudes matters. Attitudes toward 
specific environmental, or energy-saving, behaviors have proven to be more reliable 
determinants of behavior than general environmental attitudes (Tanner and Wölfing Kast, 2003).  
A.3. Environmental norms 
 The primary theoretical roots of the findings reported in Section 2.3 appear in normative 
models for pro-environmental behavior. Two prominent examples are the Theory of Planned 
Behavior (TPB) and the Value-Belief-Norm (VBN) theory, which posits that acceptance of 
environmental beliefs (such as those associated with the new ecological paradigm [NEP]) 
depends on both altruistic and egoistic values, and that these beliefs in turn predict personal 
norms to act in pro-social or pro-environmental ways (Stern et al., 1999).  
Much of the emphasis in current literature, and especially in studies making use of the 
TPB, is on subjective norms, or perceived social pressure from others within key reference 
groups such as households, neighborhoods or workplaces (Nolan, Schultz, Cialdini, Goldstein, 
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and Griskevicius, 2008). Survey-based work has found that subjective norms are important 
elements shaping decisions to invest in energy efficient technologies and using energy-
conserving products (Claudy and O’Driscoll, 2008; Laudenslager, Holt, and Lofgren, 2004). 
Accurate and consistent measurement of norms is challenging, however, as indicated by the lack 
of agreement among studies on their effectiveness in explaining environmental behaviors.  
 Recent work has found that subjective norms failed to predict household energy use and 
conservation intentions after controlling for additional cognitive elements such as attitudes and 
perceived behavioral control (Abrahamse and Steg, 2011a). This lack of consensus is likely the 
result of the breadth of norms as a cognitive construct and the myriad additional considerations 
affecting their role in causal accounts of environmental behavior. For instance, perceptions of the 
moral assessments of significant others depend heavily on the specific groups of others with 
which a subject identifies in regard to the behavior in question (e.g. neighbors, classmates, 
household members, society as a whole).  
 
A.4. Social structural antecedents of environmental behavior 
Among the reasons for difficulty in studying attitudinal influences on energy behavior are 
that they differ substantially across consumer strata, and that they interact with external and 
contextual behavioral influences in ways that are notoriously obscure. Such difficulties often 
emanate from a general lack of clarity on the internal psychological barriers to behavioral change 
and how those internal drivers interact, or are stimulated by, macro-level constraints. As 
Costanzo et al. (Costanzo, Archer, Aronson, and Pettigrew, 1986) note, individual adoption of 
conservation and efficiency-oriented behaviors depends on psychological and positional 
determinants. While the former refers to individuals’ information processing capacities (a subset 
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of which we have been describing in light of Stern’s “internal” behavioral forces), the latter 
concept applies to situational circumstances that may constrain or support action on the basis of 
those psychological forces.  
 Examples of these structural, or positional, influences on energy-saving behavior are 
numerous in the literature. A landmark study in environmental behavior found that the 
availability of curbside recycling options decreased the perceived costs of recycling and 
increased awareness of its positive environmental benefits, leading to indirect effects on 
recycling behavior in addition to direct ones (Guagnano et al., 1995b). Additional research on 
social structural, or external, behavioral antecedents has shown that higher education levels have 
been identified with lower information acquisition costs (B. Mills and Schleich, 2012), greater 
awareness (Murray and Mills, 2011), and belonging to social groups with favorable inclinations 
toward pro-environmental behaviors (Lutzenhiser, 1993). Studies have also shown that 
household electricity and gas consumption is strongly related to both income (Moll et al., 2005) 
and household size (Vringer and Blok, 1995), with larger and higher income households using 
more energy.  
The likelihood of adoption of energy efficient technologies has been shown to decrease 
with age in some studies (Lutzenhiser, 2002), whereas the reverse effect appears in other studies 
such as Mills and Schleich (B. F. Mills and Schleich, 2010) who find that light bulb replacement 
rates increase at a decreasing rate as respondents age. Some studies have also identified a 
positive relationship between energy saving behavior and the presence of young children in the 
household (Dupont, 2004). Age and cohort may also be correlated with awareness of and 
exposure to technology and a corresponding tendency toward investment in up-to-date energy-
efficient appliances. Models of the diffusion of environmentalist sentiment in the United States 
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have found that the effects of socio-economic status on environmentalism are heavily dependent 
on cohort effects across time (Pampel and Hunter, 2012). Further, structural features of 
consumers’ technological environments likely lead to exposure to information and social 
influences that are not available to less well-connected consumers. For instance, Pretty and Ward 
(Pretty and Ward, 2001) found that social networks and connectedness induce higher levels of 
environmental performance. It is reasonable to expect that the same phenomenon is at work in 
shaping residential energy behavior through social networking activities. These situational 
components may be measured directly through exposure to online social networking and 
marketing devices (Senbel, Ngo, and Blair, 2014) or indirectly through age (Lutzenhiser, 2002).  
 
A.5. Intentions and behaviors 
Frustrating attempts to determine the relationships between environmental attitudes and 
household energy activities is the fact that some behaviors are more sensitive to attitudinal 
influences than others. This is one of the key challenges motivating the present paper. We have 
already seen that environmental beliefs and attitudes do not necessarily correspond to 
environmentally beneficial changes in behavior (Abrahamse et al., 2005; Ozaki and 
Sevastyanova, 2011). Recent work has shown that environmental attitudes are positively related 
to recycling, green consumption and household conservation habits (Gadenne et al., 2011), but 
other behaviors such as electricity consumption have been shown to be unrelated to green 
attitudes (Brandon and Lewis, 1999; Poortinga et al., 2004b).  
 Some scholars have distinguished environmental behaviors on the basis of “plasticity,” or 
the proportion of eligible households who will change the behavior in response to a policy (York, 
Rosa, and Dietz, 2002). Studies on the behavioral plasticity of specific household actions to 
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reduce environmental damage are invaluable in guiding efforts to survey consumers on the 
internal forces shaping their actual energy activity (Dietz et al., 2009). Some behaviors are 
simply more sensitive to interventions than others. For instance home weatherization behavior 
has been shown to be much easier to change than carpooling behavior ( Dietz et al., 2013). Some 
such studies measure the level of importance of certain behaviors and outcomes such as the use 
of green electricity (Ozaki, 2011), while others compare the level of perceived difficulty of 
different energy-saving activities (Attari et al., 2011). Such substantial variation among different 
types of behaviors warrants continued research into the ways in which the effects of behavioral 
antecedents differ across several dimensions (impact, perceived difficulty, responsiveness to 
policy, plasticity).  
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APPENDIX 3. DSM PROGRAM DETAILS 
Load Control  
Customers have the opportunity save energy by allowing the utility to remotely switch off their 
HVAC systems, and other appliances, during periods of peak demand. 
 
Benefits to consumer: Small bill credit each year; additional energy savings during peak periods 
when HVAC power is clipped; free programmable thermostat.  The amount of the credit 
increases with each appliance included and with monthly usage.   
 
Public benefits: reduced needed capacity for utilities and reduced energy use overall, which, 
depending on energy resource mix, reduces emissions of harmful air pollutants and greenhouse 
gases (size of reductions will vary by consumer.)  More reliable service given increases in load 
security during peak periods, i.e. decreased prevalence and duration of service outages due to 
capacity breach.   
 
Time-of-use Pricing 
 
Customers have the option of participating in an adjustable rate program designed by the utility 
to shift demand to off-peak periods.  Customers are charged a small base fee to join the program 
and then pay variable electricity rates, depending on the time of day and the season.  For service 
used during the months of June through September, rates are more than twice the standard rate 
per kilowatt-hour during peak times, about the same as standard rates during shoulder periods, 
and roughly two thirds standard price per kilowatt-hour during all other times.  For the months of 
October through May, the rates slightly for on-peak, shoulder, and off-peak, respectively. 
 
Benefits to consumer: private benefits of the program will vary, depending on the extent to 
which consumers shift consumption from on-peak to off-peak times, and also on how much they 
curtail consumption in response to increased peak rates.  Specific averages for the customers in 
this sample cannot be computed with available data.  However, empirical estimates of the effects 
of very similar TOU programs have found average energy savings of 8.6 percent per month.  For 
the average household in the sample, this translates to approximately $9.75 per month, or $117 
annually.   
 
Public benefits:  Best estimates place the average monthly energy savings at 8.6% of total usage, 
which, depending on energy resource mix during peak and off-peak periods, translates to an 
approximate emissions reduction of 8.6%.  Also reduces needed capacity for utilities.  Allows for 
more reliable service given increases in load security during peak periods, i.e. decreased 
prevalence and duration of service outages due to capacity breach.   
 
 
Free Online Residential Energy Audit 
 
Benefits to consumer: Participating households get free access to an online or phone-based 
evaluation of their home’s energy efficiency. They receive a custom report, detailing past and 
current energy usage and corresponding tips on how best to save energy. These reports also 
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include details on home improvement rebates offered by the utility. Average evaluations run 
fifteen minutes.  
 
Public benefits: Reduced energy expenditure and resulting emissions reductions.  
 
 
 
